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CHAPTER 1 - INTRODUCTION 

A. The purpose of this publication is to enable a person with little or no Purpose. 
familiarity with the fundamentals of solar design to make use of the updated solar 
design computer program. Additional information is included to assist in the design 
of solar power systems, including: component selection, wire sizing, suggested 
sources of supply and solar sizing tables for quick reference power system selection 
for .minor aids. 

B. Program Availability. The computer program is available from U.S. Coast Guard 
Headquarters (Commandant (G-SEC-2)) on an IBM formatted 3-l/2 inch floppy disk. 
The program is intended to run on the SWIII terminal in Microsoft Excel version 4.0 
or later. 

C. Special Features. The new computer program differs from the old Solarcalc program 
in the following ways: 

1. 

2. 

3. 

4. 

5. 

6. 

The new format of the program in Excel is much more user-friendly, allowing the 
variables to be entered in any order; 

The output of the program is immediately displayed. Changes to any of the 
variables has an immediate affect on the output; 

The program gives recommended array and battery sizings; 

Seasonal aids can be easily evaluated by entering the operational interval; 

Additional data sites are entered to allow more accurate system sizings; 

Solar sizing tables are included for each data site to provide more accurate sizings 
for minor aids. 

D. Loading the Program. Copy the file SOLARDESIGN(version number).XLS from the 
floppy onto your hard disk. Remove the floppy and consider it your “Master” copy 
which should be safeguarded in case the working copy is corrupted or lost. 

E. Getting Started. Open a copy of the program. Ideally, the cells B2:M40 should be in 
view (this may not be possible on laptops; the battery SOC are repeated near the input 
data). If not, expand the screen by any combination of the following: 

1. Under pulldown menu View, select Full Screen; 

2. Under pulldown menu View, unselect Status Bar and Formula Bar; 

3. Under pulldown menu View, select Toolbars then unselect any checked Toolbars; 
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4. Under pulldown menu View, select Zoom and adjust the level until the cells are 
within the limits of the screen. 

To simplify data entry, under the pulldown menu Tools, choose Options, Edit, then 
unselect “‘Move Selection After Entry”. 

To prevent users from accidentally deleting or changing cells that perform 
calculations, all cells are locked with the exception of cells used to enter data. Data 
cells are shaded yellow or gray, depending on which version of Excel you are using. 
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CHAPTER 2 - SOLAR DESIGN 

B. 

C. 

D. 

E. 

F. 

G. 

Introduction. Solar power systems are used on over 90 percent of all lighted aids to 
navigation. An understanding of the types of power systems and the components 
used are necessary to design a reliable system. 

Solar power systems are divided into two categories: self-regulated and Types. 
regulated. Self-regulated power systems use a solar panel and battery matched to 
prevent overcharge. Virtually all minor aid power systems are self-regulating. Larger 
systems (lighthouses, day/night ranges) generally use a charge controller to allow the 
use of smaller batteries. 

Equipment. An understanding of the equipment used in a solar power system is 
necessary to successfully design one. Knowing what components are to be used 
allows the designer to construct a load profile, system layout and wire sizing for the 
power system. Chapter 4 details the components used in a typical minor aid, major 
aid and day/night range. Standard solar lighthouse and range configurations per 
COMDTINST 16500.8A Automation Technical Guidelines, COMDTINST 
Ml 6500.3A Aids to Navigation Manual - Technical, and standard aids to navigation 
drawings provide more detail on categories, hardware and wiring. 

Loads. Electric power loads of aids to navigation apparatus are often an overlooked 
variable when designing or troubleshooting a solar power system. Parasitic, daily and 
nightly loads, if not calculated correctly, can lead to premature failure of the power 
system. Parasitic loads, however minor, add to the daily load. Each component in the 
power system and signal equipment must be evaluated as a possible drain on the 
battery. Chapter 5 details the various loads used on aids to navigation and their 
power consumption. 

Wire Sizing. Improperly sized wires in low voltage power systems can have a drastic 
effect on system performance. The physical separation of the solar array, battery and 
loads requires ample conductors to limit voltage drop to acceptable levels. Chapter 6 
details the calculations necessary to properly size wiring at these installations. 

Solar Sizing Tables. Chapter 8 contains solar sizing tables for approximately 80 
percent of the minor aid power systems. These tables eliminate repetitive calculations 
and provide field units with quick reference tables for power systems. 

Assistance. Sample calculations are provided in Appendix I. Design assistance is 
available from Commandant (G-SEC-2A). The worksheet can be attached or pasted 
into a Microsoft Exchange e-mail and sent to Commandant (SEC-2A) for evaluation. 
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CHAPTER 3 - PROGRAM OPERATION 

A. Data Entry. The spreadsheet is arranged with data entry from top to bottom. This 
order should be followed allowing the program to provide accurate system sizing 
recommendations. Any variable may be changed after all data is entered. 

1. Aid Name. Enter the name of the aid in the box provided. The date and time is 
automatically inserted next to the aid name in order to keep track of the most 
recent design run. 

2. Latitude of Aid. Enter the latitude of the aid in decimal format. Minutes must be 
converted to decimals by dividing by 60 min./degree; i.e., 42’48’ = 42.80’. Minor 
aids may use the latitude of the reference site. 

3. Panel Tilt. The panel tilt is the angle of the solar panel(s) with respect to 
horizontal. Generally, panel tilt for minor aids with nighttime loads is: 

Alaska 75 degrees 
Continental U.S. 60 degrees 
GANTSEC & Hawaii 30 degrees 
Buoys (Horizontal Mount) 0 degrees 
Tripod Buoy Mount 60 degrees 
Dual Panel Mount 15 degrees 

Panel tilt for some Northern Continental U.S. sites can benefit from a steeper 
angle to capture more power in the winter. Day/night ranges generally benefit 
from a shallower tilt angle (45 degrees) as the maximum load occurs during the 
summer. Exposed location buoys and buoys with large signal packages should 
use the solar vertical design program available from Commandant (G-SEC-2A). 

4. Ref Site #. Enter the data site number closest to the aid being evaluated. If the 
aid is between two sites, perform two design runs using each site and pick the 
solar sizing with the largest power system. Chapter 7 contains 92 data sites for 
the U.S., GANTSEC and Guam. 

5. Use Average Rad? Solar power systems must be designed using Design 
Radiation. Design radiation represents low radiation values that can be expected 
to occur once every lo-15 years. These are not the lowest radiation values 
possible, but values that we feel comfortable designing around. Leave this box 
blank to use design radiation. Use average radiation to see how a system will 
perform during an “average” year, and to determine how long it will take a system 
to recover from a low state of charge caused by personnel error or component 
failure. 
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6. Battery Type. Enter the battery type used by your ANTS/Tenders, or selected for /---l-x 
a specific project. Delco-2000, Exide HC-3 1, Yuasa-Exide EI, EJ and FHGS 
batteries are wet batteries. The Sunlyte 12-5000 is an absorbed battery and the 
Deka 8GH30, Dynasty GC12VlOOB and Sonnenschein Dry& A600 are gelled 
batteries. 

7. Autonomy. Autonomy is the amount of time the aid will perform with little or no 
. sun and is used to determine the minimum battery size. The default is 10 days; 

lo- 14 days are typical, depending on local weather conditions (fog, rain overcast 
periods). 

8. Interval Installed. Refers to when the program starts calculating the results of the 
design run. For example, if a temporary aid is installed in the beginning of June 
and will operate for 2 months, enter interval 11 and note the results during 
intervals 11 through 14. Otherwise, enter interval 18 as almost all systems are 
fully charged during this period. Be sure the maximum state of charge returns to 
100 percent at interval 17 or the aid may fail. 

9. SofC at Install. Refers to the state of charge of the battery at installation. 
Generally, the battery is fully charged when installed (loo(%)). This entry allows 
the user evaluate an aid with a failed battery to determine how long the array will 
take to charge it back to 100 percent. 

:fTy 

10. Load. Optional field used to describe the load entered, i.e., RL14,35w, Is06 

11. Amps? The load current in amps. Refer to chapter 5 for current consumption 
figures. NOTE: when lamps are flashed, the average current (accounts for cold 
current surge) must be entered; i.e., 0.916 for a 0.77a lamp with a Quick flash 
rhythm. 

12. Duty Cycle. Enter the duty cycle of the load as found in chapter 5. The default 
duty cycle is 100 percent. 

13. D, N or DN. Enter when the load is on. Daylight controlled loads operate only at 
night so enter a N. Daytime loads, typically daytime range lights, Range Power 
Boxes and Range Switch Boxes operate only during the Day. Loads on 24 hours 
a day like rotation motors, sound signals and control equipment are entered as 
DN. 

14. # Hours Day/Night Loads Operate. If the loads are on a fixed amount of time 
(using a timer) or as an estimate for a fog detector controlled sound signal (8-12 
hours/day), enter the number of hours the load operates. Otherwise leave this box 
blank. Note: DN must be entered in the adjacent block if a value is entered. 
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15. Seasonal Aids ON/OFF. If the load is seasonal, i.e:, a sound signal that is turned 
off during the winter season, enter the interval that the device operates. This is 
useful in northern latitudes when unnecessary winter loads can be secured thereby 
saving power and reducing the power system size. 

16. Number of flashers. Enter the maximum number of CG- 18 1 or CG-48 1 flashers 
that are operating at the same time, i.e., day/night ranges typically have one optic 
powered during the day and one on at night which count as one flasher. 

NOTE: When overwriting or clearing an entry, use the backspace key to delete 
numbers and characters. Do not use the spacebar to clear entries, as the 
program will not interrupt them correctly. 

17. Array Size. If evaluating an existing aid, enter the size of the array in watts, or if 
designing a new system, enter the suggested array size. For minor aids, ‘enter the 
advertised solar panel wattage, i.e., lo,20 or 35 watts. Aids using multiple panels 
should use the actual wattage produced by the solar panels. 10 and 20 watt panels 
are entered as 10 and 20 watts. 35 watt panels manufactured by Siemens Solar 
Industries are entered as multiples of 40 watts as it is impractical for them to trim 
solar cells to specific power levels. Additionally, aids using more than 100 watts 
should use multiples of 3.5 (40) watt solar panels; don’t try to fine tune the array 
with 10 and 20 watt panels. Commandant (G-SEC-2) will publish the current 
power production of 35 watt solar panels when major changes occur. Aids using 
the molded acrylic pyramid require a 35% reduction in power output (multiply 
panel wattage by 0.65) 

Do not use this program to evaluate other than CG standard panels and Siemens 
M65 panels. 

18. Battery Size. If evaluating an existing aid, enter the battery size in amp-hours, or 
if designing a new system, enter the suggested battery size. Note that there are 
two choices. Minor aid systems are usually self-regulated meaning that there is 
no charge regulator. -Instead, the battery is large enough to absorb any overcharge. 
that the CG standard solar panel produces. Wet batteries are more tolerant of 
overcharge, therefore the suggested battery size using wet battery types is smaller 
than gelled or absorbed cells. The battery type chosen is dependent on Unit or 
Designer preference. Systems using a charge controller or Range Power Box 
(RPB) can use the suggested battery size for regulated systems. Regulated power 
systems should be used when the load is uncertain (fog detector) or to reduce the 
size, weight and cost of the battery system. Minor aid systems use multiples of 
100 amp-hours; 300 amp-hours is the limit on shore aids, 500 amp-hours on 
buoys. Shore aids exceeding 300 amp-hours should use the Yuasa-Exide 
EJ/FHGS, the Absolyte II or Sonnenschein A600 Dryfit cells. Battery sizes in 
northern latitudes may be increased beyond the suggested size in lieu of 
increasing the array size to meet the minimum SOC requirements. 

3-3 



Be sure to press ENTER after the last entry in order for the program to 
calculate the results. 

19. Comments. Use this block to add any specific comments about the design that 
you want filed i&h the printout. 

B. Program Output. The program output is printed on the right side of the spreadsheet. 
Any of the input variables can be changed at this time to fme tune the output, if 
necessary. 

1. Interval Number. Refers to the half-month interval being evaluated. 

2. Dates. Refers to the dates during the interval when the results are calculated. 

3. Minimum SOC(%). The battery’s minimum State of Charge (SOC) during the 
specific interval. 

4. Maximum SOC(%). The battery’s maximum state of charge during the specific 
interval. The maximum SOC should be 100 percent during a majority of the year 
to ensure that the battery fully recharges. 

5. Minimum SofC: The lowest minimum state of charge for intervals l-24. As a 
general rule, a minimum SOC of 70 percent (65 percent for minor aids) should not /--ix 

be exceeded. 70 percent is not a goal; anything between 70 percent and 95 
percent is acceptable. The minimum SOC can be raised by increasing the array 
size. Northern latitudes may also benefit from increasing the battery size. NOTE: 
In self regulating systems, increasing the array size may require a larger battery. 

6. Maxirnum Daily Load. The maximum daily load in ampere-hours/day. For 
nighttime loads, this occurs on December 2 1 and for daytime loads on June 21. 

7. C/50 or C/100: The maximum allowable charge rate in amperes for self 
regulating systems using either wet (C/50) or absorbed/gelled batteries (C/l 00). 
The program uses this number for sizing batteries in self regulating systems. 

8. Max Charge Rate. The maximum charge current produced by the solar array. 
This value is useful when sizing wiring in the power system and when 
troubleshooting as it can be compared to the measured charge current through the 
charge controller under bright sun conditions. 

C. The entire input/output portion of the spreadsheet will fit on an 8-1/2”xll Printing. 
sheet if printed as landscape. The print area should already be set, otherwise click on 
cell B2, hold the Shift key down and click on cell M40. This will highlight the area to 
be printed. Under pulldown menu File, select Print Area, Set Print Area, then Print. .m 
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CHAPTER 4 - ~Q~~~~~T 
‘i <: ,- , ;_ _/ I.. ,, .) ,I _,’ 

A. Minor Aids. A typical solar powered minor aid to navigation (figure 2) consists of 
the standard lighting hardware (lantern, fampchanger, flashell; lamps), a 10,X or 35- 
watt solar panel and single or multiple 12-vvolt, X OQ-ampere-bcwx (ah) photovoltaic 
batteries. Most minor aid sizings are already calculated and listed in the Solar Sizing 
Tables in chapter 8. Same rangw and minor aids using fixed burning lamps in range 
lights or rotating beacons require larger (> 3Okh) battery banks and will typically 
use componen& listed in the next sections. COMDTNST MC1 6500.3A provides 
detailed information on these components. 

Figure I. 
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B. ME&IX Aids. A generic solar powered Xighthouse (figuri: 2) will have a main amay and 
battery system, an emergency battery with a small tickle chax=ge solar panel, a main 

,-. 

light, main saund, and emergency light and sound. Inputs &m salax panels are 
gathered into, Local Tern&al Boxes (LT’Bs) and a PV Combiner, and a charge 
controller prevents overcharge of the battery. A Solar bistributian &ox (SDB) 
provides a centralized lcrcatim to combine solar power iqmts and distribute power to 
the loads. CCXMDTPNST &I 16500.8A and standard AtoN drawings f 40400 series 
provides detailed info~ation on these systems. 

LTBS ~~~B~NER 
CWdRGE 
CONTROLLER 

Figure 2. 
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Day/Night Ranges. Day/night ranges typically require large solar arrays due ta the 
cqntinuous loads associated with these aids. Many sites can benefit from shallower 
(45 degrees versus 60 degrees) tilt angle as the greatest Ioads occur during the 
summer months. Solar panels are gathered into a Local Terminal Box (LTB) and fed 
into a Range Power &ox (REQ. The RN3 is a commercially available photavoltias: 
charge controfkx manufactured by Specialty Concepts, XIX., and provides overcharge 
protection, low voltage disconnect (to protect against deep discharge) and a Load 
center, The power is then routed to the Range Switch Box-DC (RSB-DC) which 
wntrols the day/night range lights. COmTmST MI 6500.8A and standard AtoN 
drawings 140500 series provides detailed information on these systems. 

SOLAR LTB 
R’S&DC 

TO DAYTlME 
RANGE LIGHY 

Figure 3 



D. Solar Panels. CS standard solar panels are procured from vendors listed on a 
Qualified Products List (QPL) by ELC Baltimore. Power ratings are 1 O1 20 and 35. 
watts. The current vendors are: 

Solarex Corprsration 

Siemcns Solar Industries 

Myoeera America, Xnc. 

CG standard panel sizes and muunting details are &awn in figure: 4. 

Figure 4, 

l2.S. Coast Guard s&r panels use hetwecn 29 and 33 crystalhe 03: semi-erystafline 
silicone c&s (32 celts typisal) with a maximum pe)wer point (point in gslnet 
perfurmance curve that yields maximum vohge and current) nf 13.8 volts at 25 
degrees C (cell temperature). ‘Es power point voltage ehzuges lead-acid batteries at 
most solar instaElatians without the use of a regulator. Cammercialfy available 
panels, such as the Siemens M-55, a 12 volt, 50 watt panel, have a m~irn~ power 
point of 17.0 volts, must USC a regulator, and can not be evafuated with this design 
program. The prog~+am can be modified to allow sizings with ~~~-~~d~d pa&s; 
consult with Commandant (G-SEC-24) for assistance. 

The Siemens M65 solar panel is simihr in power output ta the CG standard 35 watt 
module, but not as robust and is not suit&k where wave action reaches the array. 
Pawer output is 43 watts as the frame is more densely packed than our standard 
module making it suit&k fur high density arrays. The Siemens Standard Grouad 
Mourat (SGM) may be used to mount these panels. Appendix IV contains data sheets 
an these components. This program may be used to design arrays using a265 pan&, 
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sofar panel Erom producing full power. A correction factor must be applied to 
horizontal buoy mounted solar panels equipped with clear acrylic pyramids, Tests at 
the CG R&DC indicate a 3594 reduction in power output for these installations. Bird 
springs aad similar deterrents have a neghgible effect on power output and no 
correction factor applies. 

E. 

~~sta~~atio~s using single or multiple panels mounted at the same tilt angIe and 
oriented in the desired direction (South far im8allations in the Northern Hemisphere) 
can use this program to predict performance. MiJIen odd mounting schemes are usedz 
i.e., the dual (15 degree tilt) CK (60 degree tilt) tripod mount OR lighted buoys, an 
equivalent panel a~~gement must be specified to predict resufts: 

The tripod mount can be a~~ru~~mated by using 1.2 times the single panel output, 
motmted 60 degrees facing South. The dual panel motet can be approximated by 
using 1.8 times the single panel output, mcxxnted L 5 degrees facing South 

Minor aid buoys installed in Northern latitudes and all buoys with large signal s&es 
may benefit from either two or four vertical panels installed on the superstructure in 
lieu of a single horizontal panel. These sites can be evahtated using the Solar Vertical 
design program, available from ~~rnrn~~t (G-SEC-Z). Appendix Tl contairms an 
addendum detailirrg operation of the Solar Vertical prc’rgram 

Batteries. Secondary (rechargeable) batteries for solar applications are generally 
procured on the open market from vendors providing products that meet specifk 
salient features. Qccasiuxlalfy, a General Services ~~~~nis~atiu~ schedule wiJE be 
avaiiabfe for certain battery types. Appendix Xl1 centains suggested sources or supply 
of batteries for major and minor aids to navigation. 

Most batteries for commercial use are rated at the 8 or 20 hour discharge rate. 
Capacities of batteries used in photovoltaic systems are geaerafly specified at the 1 OO- 
hour discharge rate. As an example, a miaor aid battery (12 volt, IO0 amp-hour) must 
be able to pswer a 1 ampere load for IO0 hours. 

Batteries for minor solar powered applications (3Wah or less) are lead-calcium 
construction. Lead-calcium batteries are available with various types of ekctralyte: 
&quid, absorbed (liquid saturated in a sponge 01: mat), and gelfed. The latter two 
types are spill-proof The scheduled repfacement for minor aid batteries is 6 years. 

Batteries for major (greater than NO-ah) s&x powered a~p~~cat~~~s are generally 
purchased as 2 volt cells. Six ceils are needed far a 12 volt system. Wet batteries, 
Xike the Exide El (to be replaced by the EJ), EJ and FNGS? are the most forgking and 
refiable, however they must be installed on very stable platforms (monopoles are 
u~acc~tab~e~. Cases are clear to allow plate and sediment inspection and specific 
gravity can be measured. They do require semiannual watering and the cases are 
quite fragile when transporting to the aid. Alternatives are gelled electrolyte imported 
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from Germany (Sonnenschein) and absorbed electrolyte (GNB Absolyte II). The 
latter can be stacked vertically, if floor loading will allow. These batteries are limited 
to voltage checks as the electrolyte is immobile and cases are opaque. Batteries for 
these applications will typically last lo-20 years. The choice between liquid, gelled 
or absorbed electrolyte depends on personal preference, the ability to transport cells, 
installation area, and whether visual status of the internal condition of the battery is 
desired. Appendix IV contains data sheets on these batteries. 

.fi---+f 

Batteries being charged will break down water in the electrolyte by electrolysis into 
hydrogen and oxygen. The degree of charging and overcharging will determine the 
amount of water lost. In wet type batteries (Exide), the water level can be monitored 
and a schedule established to rewater. In absorbed and gelled batteries, the same 
gassing process occurs, but cells usually have recombination caps which convert the 
gases generated back into water. However, these batteries have a safety valve that 
will vent when gassing is severe. Prolonged gassing of these cells will dry out the 
battery, which is undetectable and will lead to premature failure. This is why charge 
rates for these batteries are more conservative. 

F. Charge Controllers. A charge controller is a device that prevents the battery from 
overcharging after the battery is fully charged. The charge controller also provides 
overcurrent protection for the array string(s) and load(s). Solar power lighthouses and 
most day/night ranges require a charge controller. Most minor aids are self regulating 
and do not use a controller. /--i-h 

There are two type of controllers presently used: The Range Power Box (RPB) which 
is a commercially available charge controller from Specialty Concepts, Inc., 
designated the PPC/50-12-4X can handle up to 50 amps charge current. This is used 
exclusively on ranges requiring regulation. The Process Automation Co., model 1579 
is used at solar power lighthouses and ranges with a capacity of up to 180 amps 
charge current and is capable of multiple panel string input. Both offer field optional 
low voltage disconnect which removes the load if the battery state of charge falls to a 
low level. The controllers have temperature compensation probes which must be 
attached to the battery to ensure proper operation. The probe has 25 feet of wire 
attached, necessitating close placement of the controller to the battery. A data sheet 
for the PPC is included in appendix IV. COMDINST M16500.3A will be updated to 
include data sheets on both controllers. 

Charge termination setpoints in both controllers are selectable. The setpoint for wet 
batteries is 14.8-15.0 volts and for absorbed or gelled batteries is 14.7-14.8 volts. 
Setpoints may be raised if batteries are not frilly charged during periods when the 
battery is expect to be fully charged. 
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CHAPTER 5 - LOADS 

Specific loads must be entered into the program in order to create a profile of daily power 
consumption. The following is a consolidated list of loads often found on minor and 
major solar powered aids: 

A. Lamps. Lamps that are flashed consume more than their rated current because of the ” 
cold current surge associated with tungsten filaments. The following table lists 
average lamp currents for typical flash. rhythms (some areas are blank as either the 
lamp/rhythm combination is not allowed or not used). Average current for non- 
standard rhythms is based on the shortest ON time of the rhythm. Therefore a 
nonstandard rhythm with a 0.3 second flash will have the same average current as a 
Quick flash, however the duty cycle for the nonstandard rhythm will have to be 
calculated. The duty cycle is: 

Duty Cycle = Time ON x 100 
(Time ON + Time OFF) 

Average Lamp Current in Amperes 
for Rated Lamp Sizes 

Duty 
Wq%irm CyeIeO.25a Q.!%a @.T?a l&a lS5a L9a 2ABa 3&a 3.&%x !Ww 25~ fOOw llXOw 
Fixed 100 250 .ss5 .770 1.05 1.15 1‘90 2.03 3.00 3.05 4.17 6-25 8.33 9.17 
oc 4 75 .252 .559 .785 l&2 I.18 197 2.f0 3.12 3.17 4.35 6.54 8.75 9.63 
Is0 6 50 252 .ss9 .785 1.02 I.18 X.97 2.f5 3.X2 3.17 4.35 6.54 8.75 9.83 

18 -278 .639 -916 1.42 2.76 
E?(5) 16 271 .621. m-4 1.38 2.62 4.E 

FX 4.4) IO 271 ‘621 .894 13.4 2.62 4.15 
FL4(1) 25 ,258 378 316 X.58 1.24 2.11 2.23 3.37 3.42 4.73 720 9.75 X0,73 
Ff 6(‘6) 15 .266 .596 .859 1+31 2.45 3.81 

B. VRB-25 Rotating Beacon. The VRB-25 is the standard 12 volt rotating beacon. It 
replaces the Atnerace ESNA 19Omm beacon and API.FA-251-DC. The power 
consumption of the lamp is entered as a Nighttime only load at its rated current and 

’ 100% duty cycle as the flash rhythm is Fixed. The power consumption of the 
rotation motor must be entered into the program as a separate load. The motor 
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typically operates 24 hours a day in order to prevent the sun from focusing on the 
lampchanger. Power consumption is 0.10 amps, 100% duty cycle, Day/Night load. 

C. API Flashtube. The power consumed by the API 12-volt flashtube may be calculated 
as follows: 

The power consumption must be calculated for each flick of the flashtube: 

XFB-001 = 0.39 amp-sets, flash rate of 1 flash per 0.40 seconds 
XFB-005 = 1.34 amp-sets, flash rate of 1 flash per 0.55 seconds 
XFB-010 = 2.28 amp-sets, flash rate of 1 flash per 0.95 seconds 
XFB-015 = 2.87 amp-sets, flash rate of 1 flash per 1.20 seconds 

Where the flash rhythm must be equal to or longer than the flash rate listed above. 

Next, the power consumption for the specific rhythm must be calculated. For a 5 
joule flashtube (XFB-005) with one flash every 2.5 seconds equals: 

Flash rate is within limitations (1 flash every 2.5 seconds; 2.5s 2 0.55s): 

1.34 amp-sets / 2.5 sets = 0.536 amps 

The idle current of the flashtube must be added to this. It is 8 milliamps for all 
models: 

0.536 amps + 0.008 amps = 0.544 amps. 

Enter this as a Nightly load if daylight controlled with a 100% duty cycle. 

Note: this calculation is different from what was previously published and existing 
aids using this device should be re-evaluated. 

D. Multiarray Controller (MAC), Solar Distribution Box (SDB) & Solar Aid Controller 
The SAC II). The MAC and SDB consume and average of 0.025 amps, continuous. 

SAC II consumes an average of 0.0025 amps, continuous. These loads are day/night 
loads. A typical lighthouse with a SDB and 2 SACIIs will consume 0.030 amps, 
100% duty cycle, Day/Night load. The SDB will accept up to l/O AWG for main 
battery input, 6 AWG for emergency panel and battery input, and lugs sized for a 
number 10 stud for all loads. 

E. Charge Controller. The charge controller used in lighthouse and large range 
solarizations manufactured by Specialty Concepts and Process Automation Company 
consumes 0.010 amps, 100% duty cycle, Day/Night load. The controller does draw 
considerably more power when the mercury relays are energized, however this occurs 
when excess power is generated by the array in the daytime and the load does not 

K---?-N 
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have to be accounted for. It will accept up to l/O AWG wire for all inputs/outputs. 
“_ .,_ .,, _, . 

F. Range Power Box (RPB). The RPB is a commercially available charge controller 
manufactured by Specialty Concepts, Inc. Its is designated the PPC/50-12-4X and 
consumes 0.190 amps continuous, 100% duty cycle, duringthe Daytime. It will 
accept up to 6 AWG wire for all inputs/outputs. 

G. Range Switch Box-DC (RSB-DC). The RSB-DC is used on DC powered ranges to 
switch between daytime and nighttime lights. The RSB-DC consumes 0.170 amps 
continuous 100% duty cycle, during the Daytime. The maximum wire sizes that can 
be used is l/O AWG for input power and 10 AWG for output to each range light. 

H. Racon. The maximum power consumption estimates are as follows: 0.55 amps, on a 
30% maximum duty cycle, 24 hours a day while transmitting, and 0.067 amps, 70% 
minimum, 24 hours and day while idle or listening. These estimates include 
continuous interrogation. The load may be simplified as 0.212 amps continuous 
100% duty cycle, Day/Night load. 

I. Sound Signals. Power consumption for sound signals is entered as a Day/Night load 
during blast only; consumption during eclipse is negligible. 

Model Range (nrni) Current (amps) 
SA-850 l/4-1/2 1.25 
SA-850/02 1.0 3.25 
SA-850/4A 2.0 7.00 
FA-232 l/4-1/2 1.80 
FA-232/02 1.0 3.60 
FA-232/04 2.0 9.00 

Duty cycles for common rhythms are: 

Rhythm Time (On/Off) Duty Cycle 
1 blast 10 set every 1 bl/9si 10% 
1 blast 30 set every 3bV27si 10% 
2 blasts 60 set every 3bV3&3bV51si 10% 
1 blast 15 set every 2bl/13si 13.3% 
2 blasts 30 set every 2bl/2si/2bV24si 13.3% 
2 blasts 20 set every 2bl/2si/2bl/14si 20% 

For uncommon rhythms, the duty cycle may be calculated as follows: 

Duty Cycle = Time ON during blast (seconds) x 100 
Time ON during blast + Time OFF during eclipse 

* . 
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J. Fog Detector. There are two types of fog detectors currently in use: the VM- 100 and AfY-7-x 
Videograph B. The latter is being phased out and will eventually be replaced by the VM- ’ ’ 
100. The VM- 100 is more energy efficient than the Videograph B and solarization efforts 
should schedule replacement of the Videograph as part of the project. 

The operating currents of the Videograph B and VM-100 are 0.67 and 0.80 amperes, 
respectively. This is entered into the program as a continuous, 100% duty cycle, 
Day/Night load. 

All fog detectors have heaters in the projector and receiver windows to eliminate 
condensation in cold weather. The heaters in the Videograph B consume 2.0 amperes and 
turn on when the ambient outside temperature is below 50 degrees F. The heaters in the 
VM-100 consume 1.0 ampere and turn on when the ambient outside temperature is below 
25 degrees F. Since temperature is variable, the amount of time the heaters are activated 
must be estimated. Enough reserve capacity is necessary to account for extremely harsh 
winters, however cold days are usually clear and may be considered “average insolation 
days”. As a check, increase the duty cycle of the heater load and see if the battery SOC is 
acceptable using “average insolation” rather than “design insolation”. Listed below are 
selected data sites, and the suggested duty cycle for the VM- 100 heater load: 

,..................” _ _ .,.,... ,,.,,,,,.,,,,.,, ,..,,,._......,.. ~ . .._............” .,.,...,..,..,,.,.......~,,. 
W-100 Heater Load : 

K. Low Energy Aid Control Monitor System (LEACMS). The LEACMS is a low 
power version of the ACMS and can be used at solar powered lighthouses to monitor the 
status of the aid, including low battery alarm and main battery transfer. The LEACMS 
may be outfitted with an EF Johnson radio or cellular phone link to the master control 
unit. The power consumption of the LEACMS with the EF Johnson radio is 0.50 amps 
continuous, 100% duty cycle, Day/Night load, and with the cellular link is 0.75 amps 
continuous, 100% duty cycle, Day/Night load. f-i-l 
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A. General. In conventional electrical systems (120-240 VAC), wire is sized according 
to its safe amperage carrying capacity know as “ampacity”. A voltage drop of 2-3 
volts in these systems is acceptable. Since voltage drop is based on wire size and 
current, not voltage, if these practices are carried over to low voltage systems, the 
resultant voltage drop would cause inadequate charging of the battery and low voltage 
to the aids to navigation. 

C. 

B. Acceptable Voltage Drops. The acceptable voltage drop for 12 volt solar power aids 
to navigation is 0.75 volts in the charging system and 0.35 volts for the load(s). The 
“charging system” is considered the wire run from the solar panels to the battery, and 
the “load(s)” is considered the wire run from the battery to the device (CG-18 1, FA- 
232, etc.). These voltage drops are maximums and efforts to reduce these values 
is encouraged. The voltage drop for minor aids remains at 0.10 volts for the load. 

Wire Sizes and Typical Voltage Drops. The following are common wire sizes and 
their calculated voltage drop for a 1 amp current at 1000 feet: 

Wire Size K” 
12 AWG 3.960 volts 
1OAWG 2.480 volts 

.:‘. 8 AWG 1.556 volts 
6 AWG 0.982 volts 
4 AWG 0.616 volts 
2 AWG 0.388 volts 
l/O AWG 0.244 volts 
2/O AWG 0.193 volts 
3/O AWG 0.153 volts 
4/O AWG 0.122 volts 

*These K values are based on National Electric Code (NEC) recommendations for 
uncoated, stranded copper conductors. These values are conservative. Resistance 
values from the cable supplier may be used to calculate new K values. To calculate K: 

K = Wire Resistance (ohms) per 1000 feet x 2 

Therefore, the voltage drop for a given wire run is: 

Voltage Drop (V,,,) = K x A x D 
1000 

Where: A is the current in amperes 
D is the one way distance in feet t. :_ _. , ._. ‘_. : 
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D. Operating Current. The operating current must be found before the wire size can be 
.calculated. For solar arrays, the current is equal to the rated wattage divided by the 
peak power point voltage. For USCG standard panels, the power point voltage is 13.8 
volts. For loads, the current consumed by each operating device must be summed for 
each segment of wire. 

E. Example - Day/Night Range. Figure 5 is a typical day/night range installation. This 
aid has six 40 watt solar panels (battery size is unimportant), a daytime range light 
with 12 volt, 35 watt lamps and a nighttime light with 0.55 amp lamps. The array is 
25 feet from the RPB and the range lights are 100 feet from the RPB. The RPB is 6 
feet from the battery. 

SOLAR LTB 
RPB 

s 

BATTERY 

Figure 5 

NV34lTME 
RANGE LIGHT 

RSB-DC 

RANGE UGHl 

The 6 solar panels are terminated in one Local Terminal Box (LTB), therefore the 
current produced by the array is: 

A array = 6 x 40 watts = 17.4 amps 
13.8 volts 

The run from the LTB to the battery, through the Range Power Box (RPB) is sized 
using 6 AWG wire: 

V = Drop 1 0.982 volts x 17.4 amps x 25 feet ,= 0.43 volts (LTB to RPB) 
1000 

V Drop 2 = 0.982 volts x 17.4 amps* x 6 feet = 0.10 volts (RPB to Battery) 
1000 

*The daytime charge current through this leg is actually reduced by the daytime load 
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F. 

current. Therefore, the current should be 17.4 amps - 3.3 amps = 14.1 amps. For 
simplicity, the full current is used in this example and in this case will not drastically 
change the results. However, ranges with multiple daytime lights using large lamps 
may benefit from this additional calculation. 

V Drop total = vtip 1 + Vbp, = 0.53 volts 

The run fi-om the battery to the daytime range light (greatest load) is more complex as 
the wire must be stepped up from 6 AWG to 2 AWG to prevent excessive voltage 
drop: 

The operating current is: 

A Lamp = 35 watt lamp = 2.92 amps 
1'2 volts 

The Range Power Box (RPB) consumes 0.190 amps during the day 

The Range Switch Box (RSB-DC) consumes 0.170 amps during the day 

The 6 AWG wire run from the battery to the RPB carries all three loads, therefore: 

V Drop 1 = 0.982 volts x (2.92 + 0.190 + 0.170) amps x 6 feet = 0.02 volts 
1000 (Battery to RPB) 

The 6 AWG wire run from the RPB to the LVDB carries the main light and RSB-DC 
loads as does the 2 AWG wire run from the LVDB to the RSB-DC: 

V hp2 =0.982 volts x (2.92 +0.170) amps x 3 feet = 0.01 volts (RPB to LVDB) 
1000 

V kp3 =0.388 volts x (2.92 +0.170) amps x 100 feet = 0.12 volts (LVDB to RSB) 
1000 

The 12 AWG wire run from the RSB-DC to the RL14 consumes the lamp load only: 

V hp4 =3.960 volts x 2.92 amps x 5 feet = 0.06 volts (RSB to RL14) 
1000 

V Drop total = v&opl+ Vhp, + v,,, + v,,,, = 0.21 volts 

Example - Lighthouse. Figure 6 is a typical solar powered lighthouse. This aid has 
18 40 watt solar panels (battery size is unimportant), a VRB-25 main light with 50 
watt lamps and a FA-232/02 sound signal. The array is 25 feet from the charge 
dontroller and the main light and sound signal are 60 feet fkom the SDB. The main 
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light circuit, in this case, is long enough to cause an excessive voltage drop if the wire 
is not properly sized. Use of LVDBs at the SDB and VIM-25 allows the wire to be 
stepped up to the appropriate size while providing smaller pig-tails at each end to 
terminate on the equipment. 

7 

1 
LVDB, 

SOLAR LTB SDB 
.#.I-...# I n n ^ ,Y 

PV COMBINER 

rT- 
IUmi ---=--MIII I ‘w- “Y iiD i O”’ I ’ 

SIGNAL 

BATTERY 
Figure 6 

The array consists of 18 solar panels, broken into three strings each terminated into 
one Local Terminal Box (LTB). Therefore, the current through each LTB is: 

A Lm = 6 x 40 watts = 17.4 amps 
13.8 volts 

The run from the LTB to the PV Combiner typically uses 8 AWG wire as the run is 
short because the PV Combiner is installed on the array: 

V Drop 1 = 1.556 volts x 17.4 amps x 8 feet = 0.22 volts (LTB to PV Combiner) 
1000 

The PV Combiner performs three functions: it combines the input fkom the array into 
three separate strings (if more than 3 LTBs are used), provides lightning protection 
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and allows the wire to be stepped up to l/O AWG for the run from the array to the 
charge controller. The current in each of these three legs remains at 17.4 amps each 
because only three LTBs are used. If six LTBs were used, the current would double 
for each string. Using 2 AWG wire, the voltage drop from the PV combiner to the 
charge controller is: 

VW, = 0.388 volts x 17.4 amps x 25 feet = 0.17 volts 
1000 (PV Combiner to Charge Controller) 

The current between the charge controller and the battery is the sum of the three 
strings from the PV Combiner. Wire size is typically 2 AWG. 

A array = 17.4 amps + 17.4 amps + 17.4 amps = 52.2 amps 

V Drop 3 = 0.388 volts x 52.2 amps x 6 feet = 0.12 volts 
1000 (Charge Controller to Battery) 

The voltage drop for the charging circuit is the sum of these three voltage drops: 

V Drop total =v,,,+vmp,+v,,,,=0.51v01ts 

The run from the SDB to the m-25 must be stepped up from 12 AWG to 2 AWG 
(or l/O), then back down to 12 AWG to allow termination at each device. The voltage 
drop between the battery and SDB must be calculated first and is the sum of all the 
loads on the battery: 

The operating current is: 

A = 0.01 Oc,,, contnser O.WDB,SAC~~ + 50 watts (lamp) + 3.6,,,,= 7.81 amps 
12 volts 

V ,,rop, = 0.388 volts x 7.81 amps x 6 feet = 0.02 volts (Battery to Charge Controller) 
1000 

V lxop2 = 0.388 volts x 7.81 amps x 6 feet = 0.02 volts (Charge Controller to SDB) 
1000 

The loads are separated at this point into the main light and main sound circuits. The 
main light circuit wire is stepped up from 12 AWG to 2 AWG at the LVDB: 

V Drop3 = 3.960 volts x 4.17 amps x 3 feet = 0.05 volts (SDB/SACII to LVDB,) 
1000 

V hp4 = 0.388 volts x 4.17 amps x 60 feet = 0.10 volts (LVDB, to LVDB,) 
1000 
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V Drop 5 = 3.960 volts x 4.17 amps x 3 feet = 0.05 volts (LVDB, to VRB-25) 
1000 

,/-j-h, 

V Drop Total = Vkp 1 + Vhp 2 + V,, 3 + V,,, 4 + V,,, 5 = 0.24 volts 

The voltage drop using 6 AWG wire for the FA-232 is: 

V Drop If VDrop 2 from above, plus: 

V Drop3 = 0.982 volts x 3.6 amps x 60 feet = 0.21 volts (SDBSACII to FA-232/02) 
1000 

V Drop Total = I&op I+ v,,, 2 + Vhp 3 = 0.25 volts 

G. Wire. The use of SO, SE0 and similar wire is discouraged for installation at solar 
powered lighthouses and ranges as the long tern-r resistance to sunlight is poor. 
Individual insulated conductors, suitable for outdoor installation should be installed in 
rigid plastic or steel conduit, or liquid-flex type flexible conduit. 

H. Terminations. Wires terminated under pressure or clamp type terminals do not 
require lugs, however, use of No-ox grease is recommended to prevent corrosion. 
Screw terminals require ring or locking spade lugs. Soldering the lugs to the wire is 
recommended to prevent crevice corrosion and eventual failure of the connection, 
otherwise annual visual inspection of all joints is necessary. Light duty crimping 
tools designed for crimping wires used in electronic components usually do not 
provide sufficient clamping force to make long lasting crimps. It is strongly 
recommended that only heavy duty industrial type crimpers be used for solar 
installations. 

,r;a 

I. Grounding. Multiple solar panel installations should have the frame of the structure 
wired to earth ground. Ground posts in the LTB, PV Combiner and Charge 
Controller should also be wired to earth ground. Our systems are wired such that the 
positive and negative legs of the power system float with respect to ground (systems 
over 50 volts DC have one leg grounded). Ground wiring should be sized the same as 
the power conductors, not to exceed 6 AWG. 
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CHAPTER 7 - DATA SITES 

A, Data Sites. Data sites provide the necessary insolation and temperature data for the program. The following 
is a list of92 data sites in and around the U.S., including Guam that are to be used when designing a solar 
power system. The data is derived from the National Renewable Energy Laboratory’s (NREL) database of 
30 years of readings. The following data sites are loaded into the program: 

1 Portland, ME 
2 Boston, MA 
3 Providence, IU 
4 Bridgeport, CT 
5 New York, NY 
6 Albany, NY 
7 Burlington, VT 
8 Newark, NJ 
9 Atlantic City, NJ 
10 Wilmington, DE 
11 Philadelphia, PA 
12 Baltimore, MD 
13 Sterling, VA 
14 Norfolk, VA 
15 Cape Hatteras, NC 
16 Wilmington, NC 
17 Charleston, SC 
18 Savannah, GA 
19 Jacksonville, GA 
20 Daytona Beach, FL 
21 West Palm Beach, FL 
22 Miami, FL 
23 San Juan, PR 
24 Key West, FL 
25 Tampa, FL 
26 Tallahassee, FL 
27 Mobile, AL 
28 New Orleans, LA 
29 Port Arthur, TX 
30 Houston, TX 
31 Corpus Christi, TX 
32 Brownsville, TX 
33 Little Rock, AR 
34 Fort Smith, AR 
35 Oklahoma City, OK 
36 Memphis, TN 
37 Huntsville, AL 
38 Chattanooga, TN 
39 St. Louis, MO 
40 Kansas City, MO 
41 Moline, IL 
42 Minneapolis, MN 
43 Evansville, IN 
44 Indianapolis, IN 
45 Louisville, KY 
46 Cincinnati, OH 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
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Pittsburg, PA 
Massena, NY 
Rochester, NY 
Buffalo, NY 
Erie, PA 
Cleveland, OH 
Toledo, OH 
Detroit, MI 
Alpena, MI 
Traverse City, MI 
Muskegon, MI 
Chicago, IL 
Milwaukee, WI 
Green Bay, WI 
Sault, St Marie, MI 
Houghton, MI 
Duluth, MI 
Intemat’l Falls, MN 
Salt Lake City, UT 
Reno, NV 
Las Vegas, NV 
San Diego, CA 
Long Beach, CA 
Los bgeles, CA 
Santa Maria, CA 
San Francisco, CA 
Arcata, CA 
North Bend, OR 
Astoria, OR 
Portland, OR 
Pendleton, OR 
Quillayute, WA 
Seattle, WA 
Annette, AK 
Yakuta~ AK 
Anchorage, AK 
Kodiak, AK 
Cold Bay, AK 
King Salmon, AK 
Bethel, AK 
Nome, AK 
Hilo, HI 
Kahului, HI 
Honolulu, HI 
Lihue, HI 
Guam 



RFFFRFNCF SITFS 

CANADA 

artsc ATLAN TIC 

- 
> 



CHAPTER 8 - S OLAR SIZING TABLES ., -,: * , /, “Z ‘. i ~ ._ ; /’ / .,., “3 
A. Discussion. Solar sizing tables are provided as a quick reference for buoys and fixed 

structures using simple rhythms and power systems. The tables do not cover 
installations with multiple loads (lantern & sound signal) nor multiple solar panel 
arrays. Sizings are limited to 35 watts and 300 amp-hours for structures, and 35 watt 
and 500 amp-hours for buoys. Aids with power requirements that exceed these limits 
should perform a design run to determine optimum system sizings; buoy installations 
in excess of this limit may benefit from using dual or quadruple vertically mounted 
solar panels. 

The tables are revised to reflect the new data provided by NREL. In many cases, the 
designs are more conservative compared to the old tables and increases in panel and 
battery size are common. To alleviate this problem, tables are provided for all 92 data 
sites as the old sizing tables picked the worst one or two data sites in the district and 
based all calculations on these sites. 

To use the tables, find the data site nearest to the aid and select the appropriate row 
containing the flasher rhythm and aid type (B-Buoy, S-Structure). Next, find the 
column containing the lamp required for the aid. The intersection of the row and 
column lists the required power system. A 1 O/l 00 refers to a 10 watt solar panel and 
one minor aid solar battery (100 amp-hours nominal capacity). If the aid is between 
two data sites, look up the power system combination for both sites and use the larger _*. 
of the panel/battery combinations. 

If the intersection is blank or marked “N/A”, either the combination is normally not 
used or the system sizing exceeds the limitations detailed above. Calculate the 
system sizing using the solar design program or the solar vertical program (dual and 
quad mounts on buoys). 

Also, note that the sizing tables are intended for wet or liquid electrolyte batteries 
(Delco, Exide). Use of absorbed (Sunlyte) or gelled (Sonnenschein, Johnson 
Controls, Deka) batteries may require more units to ensure overcharge protection. As 
a general rule, a minimum of one, two and three batteries of these types are needed 
when using lo,20 and 35 watt panels, respectively, or the combination cited in the 
table, whichever is larger. 
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SOLAR SIZING TABLE - I- Portland, ME lat 43.65N 
I Tilt Anale Panel Size hfatts~/Batterv Size famwhours~* I 
B-Buoy 0" 
S-Structure 60” Lamp Size” 
Rasher Rhythm .25a I .55a I .77a I l&3 I ‘l.l!Sa I 193 I 2IE)a j3.913.95a 
FL4i.4) or I 001 

_--- _--- - - - -  

-  -\~ ~I -  3 10/100 20/100 20/100 N/A 20/200 N/A 35/41- - 
FL6( .6) s 10/100 1 O/l 00 IO/100 N/A 20/100 N/A 35/200 35/300 
FL2.5t.3) B lO/lOO 20/100 20/100 N/A 351200 N/A N/A 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 2 - Boston, MA Lat 42.37N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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S IO/100 IO/100 2OAOO N/A 20/100 N/A 35/200 N/A 
FL(2+1)6 or B IO/100 20/100 20/200 N/A 35/200 N/A 
FL(2)5 S IO/100 IO/100 20/100 N/A 20/200 N/A 35/300 
Q, FL2(6) or B 20/100 35/200 35/400 N/A N/A 

+-l-%3- 
IFL2.5(1) ISI 

20/100 20/l 00 35/200 35/200 
:0/200 35/200 35/300 

35/200 35/200 
35/300 

20/100 1 35/200 t 35/200 1 35/300 1 

IFix 1 s 1 2omo 1 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
**I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and BL-14 range lanterns: 

SOLAR SIZING TABLE - 4 - Bridgeport, CT Lat 41.17N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1.0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING T9BLE - 5 - .New York, NY IA 40.78N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electroiyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and fU-14 range lanterns. 

SOLAR SIZING TABLE - 6 -Albany, NY Lat 42.75N SOLAR SIZING TABLE - 6 -Albany, NY Lat 42.75N 
Tilt Anale Panel Size hvattd/Batte~~ Size famo-hours~* I 

Is06 or iso2 S 20/100 35/200 
s 20/200 

Fix s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt sdar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt sdar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 7 - Burlington, VT Lat 44.47N 
lilt Angle Panel Size (watts)/Battety Size (amp-hours)* 

B-Buoy 0” 
S-Structure 60” Lamp Size* 
Flasher Rhythm .25a .%a .77a l.Oa 1-m 1.9a 2.03a 3.013.05a 
FL4( .4) or B IO/l00 20/100 20/100 N/A 35/200 N/A 35/500 
FL6( .6) s lo/loo IO/100 20/100 N/A 20/100 N/A 35/200 
FL2.5(.3) B IO/100 20/100 20/200 N/A 35/200 N/A N/A 

s lo/loo 20/100 20/100 N/A 20/200 N/A N/A 
FL(2+1)6 or B 20/100 20/200 35/200 N/A 351200 NIA 
FL(2)5 s 10/100 20/100 20/100 N/A 35/200 N/A 
Q, FL2(6) or B 20/100 351200 NIA N/A 
MO(A) S 20/100 35/200 35/200 
FL4(1) s 10/100 20/100 35/200 35/200 35/300 
FL2.5(1) S 20/100 35/200 35/300 
is06 or lso2 S 20/160 35/200 

S 35/200 
Fix S 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*I -0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 8 - Newark, NJ Lat 40.70N 

-a 

tS-Structure Lamp Size” 
.25a .55a .77a 1 .Oa 1.15a 1.9a 2.03a 

10/100 20/l 00 20/l 00 N/A 20/200 N/A 351300 
IO/l00 1 O/l 00 IO/l00 N/A 20/l 00 N/A 35/200 
10/100 20/l 00 20/100 N/A 351200 N/A 
10/100 1 O/l 00 20/100 N/A 20/100 N/A 35/200 

I  I  - - - - - -  I  - - .  - -  I  

FLf2+116 or I ii I lo/loo I 20/100 I 
-  - \ -  - I -  

FL(2)5 

t  

Q, f3-W) 
WA1 
FI 

or 
s 

+ B 
S 

101100 
20/l 00 
lo/loo 

lo/loo 

=t 
35/200 
20/100 

20/100 N/A 20/200 N/A 
35/300 NIA N/A 
35/200 35/200 35/300 ‘-\* ‘I 

s 
I  - - - . - -  

.-4(l) 10/100 20/100 20/100 351200 351200 
FL2.5( 1) s IO/l 00 201200 35/200 351300 
Is06 or lso2 S 20/100 35/200 35/200 
OC4 s 20/100 351300 

IFix , s , 20/200 , I I I I I I I 

--I 3.013.05a 

I  I  I  I  I  

20/200 1 N/A 1 351200 1 N/A I I I 

I 

-  _  *Minimum battery sizeLvhen using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 9 -Atlantic City, NJ Lat 39&N 

FL2.5(1) 
Is06 or lso2 

S IO/l 00 20/l 00 35/200 35/200 
s 20/100 35/200 
s 20/100 35/200 

Fix s 20/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAF? SIZING TABLE - 10 - Wilmington, DE Lat 39.fmj 

- *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 11 - Philadelphia; PA, Lat 39.88N 
Tilt Angie Panel Size (v&s)/Battery Size (amp-hours) 

B-Buoy 0” 
S-Structure 60” Lamp Size* 
Flasher Rhythm .25a 1 .55a 1 .77a 1 l.Oa 1 1:15a 1 1% 1 2.03a 13.1 

I FL61.6) FL4( .4) or S B 1 1 lO/lOO lO/lOO 1 1 IO/100 1 O/100 t ) 20/I IO/100 00 1 1 N/A N/A 1 1 20/200 20/100 t 1 N/A N/A I I 35/200 35/200 I I 35QOO 
1 

~-- - -  ------ --.- 
FL2.5t.3) 1 I B I I lo/100 I  I 20/100 1 I 20/100 I  I N/A I  I 35/200 I  I N/A 1 I 35/500 I I N/1 \  I  

s lO/lOO 10/100 IO/100 N/A 20/100 N/A 351200 N/A 
FL@+1 )6 or B IO/100 20/100 20/200 N/A 35/200 N/A 
R(2)!! s 10/100 1 O/l 00 2OAOO N/A 20/l 00 N/A 35/200 IQ. - \ - I -  FL2f6) - - -  - - -  ~- - -  - - . - - -  - - . - -  --.--_ or I  1 Ii ,  1 20/100 I  1 35/2&I I  1 35/300 I  1 N/A I I  I  1 N/A I  I 

1 
WA) S IO/100 20/100 35/200 35/200 35/200 
l+w) S IO/100 20/100 20/l 00 35/200 35/200 
FL2.6111 S 10/100 20/200 35/200 35/200 

5/200 
200 

.  ---1 ‘I . - .  .__ 

Is06 or iso2 s ml00 i-.. 
s ml00 3% I I I , 1 I 

FIX s 20/200 I I I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and FU-14 range lanterns. 

SOLAR SIZING TABLE - 12 - Baltimore, MD Lat 39.18N 

MO(A) s 10/100 20/l 00 35/200 35/200 35/200 
j=w) S IO/l00 20/100 20/l 00 201200 35/200 
FL2.5(1) s 10/l m 20/100 35/200 351200 
lso6 or Is02 S 20/100 35/200 35/200 

s 20/100 35/200 
Fix s 20/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 ,O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 



SOLAR WING TABLE - 13 - Sterling, VA Lat 36.95N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 14 - Norfolk. VA Lat 36.9ON 

B-Buoy 
S-Structure 

Tilt Angle 
1 0” 
t 60” 

Panel Size (watts)/Battety Size (amp-hours) 

Lame Size”* 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Soinnenschein; etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and m-14 range lanterns. 

8-8 



Lat 35.27N 

IFix 20/100 1 35/200 1 I I I I I 
*Minimum battery size when’using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 16 - 
Tilt Angle 

Wilmingjton, NC 
Panel Size (watts)/Battery Size (amp-hours)* 

Lat 34.27N 

I 
1 B-Bum/ - ---a I 0” I 
S-Structure 60” 

I 
Lamp Size” 

Flasher Rhyttiti .25a .!%a .77a l.Oa 1.15a Isa 2.0&t 3.013.05a 
FL4.4) or B lO/lOO 10/100 lO/lOO N/A 20/100 N/A 3!5/200 35/400 
FL6f.61 s 10/100 10/100 lO/lOO N/A IO/100 N/A 20/l 00 35/200 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1.0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SlUNG TABLE - 17 - Charleston, SC Lat 32.9ON 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours)* 

I 0” I I 
-  - - -a # 

S-Structure 16&t LamD Size* 

ri7, 

Flasher Rhythm .25a 1 .%a 1 .77a 1 l.Oa 
FL4(.4) or B ~lO/lOO t IO/100 t IO/100 i N/A 
FL6(.6j 

I 
s 10/100 1 O/l 00 IO/100 y N/A 

FL2.5( .3) B lo/100 IO/100 20/100 N/A 
s 10/100 10/100 IO/100 ‘^ N/A . -. - 

--.--- . _. . FL(2+1)6 or B IO/100 IO/100 20/100 N/A 20/200 N/A 35/300 
FL(2)5 s 10/100 IO/100 IO/100 N/A 20/100 N/A 351200 
Q. FL2(6) or B lO/lOO 20/l 00 35/200 N/A 35/400 N/A 
M&A) ’ ’ s 10/100 20/100 20/100 35/200 351200 
FL4( 1) s lO/lOO 10/100 20/l 00 20/l 00 20/100 35/200 35/200 
FL2.5( 1) s 10/100 20/I 00 20/200 35/200 35/200 
lso6 or Is02 

toc4 

S IO/100 20/100 
I  

35/200 
I  

35/200 35/300 
I  ~---I I  I  

I s I 20/100 I 35/200 I 35/200 I I I I I I 
I  I  

Fix 1 S 1 20/100 1 35/200 1 I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 18 - Savannah, GA Lat 32.13N 
lilt Angle Panel Size (watts)/Battery Size (amp-hours) 

&Buoy 0” 
S-Structure 60” Lamp Size”” 
Flasher Rhythm .25a 1 .%a 1 .77a I l.Oa I l.Wa 1 1.9a 1 2.03a I3.013.05a 
FL4i.4) or B IO/100 1 IO/100 1 IO/100 I N/A 1 20/100 I N/A I 35/200 I 35/300 
FL6i.6 j I 

s 10/100 101100 lO/lOO N/A IO/100 N/A 20/I 00 35/200 
FL2.5( .3) B lO/lOO 10/100 20/100 N/A 20/100 NIA 351200 N/A 

s 10/100 10/100 IO/100 N/A 20/100 N/A 20/200 NIA 
1 FL(2+1)6 

I  

or 1 B I IO/100 I IO/100 I 20/l 00 I N/A I 20/200 I N/A I 35/300 I I 

- *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. ,6--h 
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~ df? SIZING TABLE - lg.-. Jtiksonville, FL Lat 30SON 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours~ 

IO”1 I B-Buov 
IS-Structure l&l”1 

I 
Lamo Size”” I 

Flasher Rhythm .25a .%a .77a 1 .Oa 1.15a 1.9a 2.03a 3.013.05a 
FL4(.4) or B IO/100 lO/lOO IO/100 N/A 20/100 N/A 351200 35mo 

I ~~a.61 1 S t lO/lOO 1 IO/100 1 IO/100 1 N/A I IO/100 1 N/A i 21)/lnf1 i %/a() 1 --,~-I 

t FL2.5f.31 
I  I  ~~ I  ~~ I  I  - - -  I  - - -  - - -  I  

1 B I IO/100 1 lO/lOO I 20/l& 1 
. - .  

N/A I 20/100 I N/A 

t Q. - \ - I -  

I I  

or 1 i 1 I IO/100 1 20/l 00 1 3!5/200 1 : 

1 S 1 IO/100 1 20/100 201200 35/200 35/200 
I s I 101100 I 20/100 35/200 3!5/200 35/300 

MO 35/200 
.--- -. _--- ._. .-_ s 2omo 3ii - , -_.--- 
Fix S 20/100 33200 1 I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOUR SIZING TABLE - 20 - Daytona Beach, FL Lat 29.18N 

FL2.q 1) s 1 O/l 00 20/100 20/200 35/200 3w200 
k&or I.502 S 1 O/100 20/100 35/200 35/200 35/200 

S 20/100 35/200 35/200 
Fix S 20/100 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 21- West Palm Beach, FL Lat 2668N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 22 - Miami, FL Lat 2580N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 23 - San Jt Jan PR 

I lO/lOO t IO/100 1 N/A 1 lo/100 I N/A 1 20/100 I 20/100 1 

S IO/100 1 IO/100 1 IO/100 1 N/A 1 IO/100 N/A 20/l 00 N/A 
FL(2+1)6 or B IO/100 1 lO/lOO 1 lO/lOO 1 N/A 1 20/100 N/A 35/200 35/300 
n-(2)5 s 10/100 lO/loo lO/lOO N/A 20/100 N/A 20/I 00 
Q, k?(6) or 

35/200 
B 1 IO/100 20/100 20/100 N/A 351200 N/A 

MdA) 
----v -, 

s I 10/100 
s 1&00 

10/100 20/l 00 20/100 20/100 35/200 35/300 
R4(1) 10/100 IO/100 20/100 20/l 00 35/200 35/200 
FL2.5( 1) S IO/100 20/100 20/100 20/100 35/200 
Is06 or iso2 s IO/l 00 20/100 20/100 35/200 351200 

S 10/l 00 20/l 00 35/200 35/200 
Fix s 20/100 35/200 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
"1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and IX-14 range lanterns. 

B-Buoy 
S-Structure 

SOLAR SIZING TABLE - 24 -Key West, FL Lat 24.55N 
Tilt Angie Panel Size (watts)/Battefy Size (amp-hours)* 

1 0” 
160" Lame Size* 

Flasher Rhythm .25a .!%a .77a i.Oa 1.15a 1.9a 2.03a 3.013.OSa 
FL4( .4) or B lO/lOO 1omo 10/100 N/A 101100 N/A 20/100 35/200 
FL6( .6) s 10/100 lO/loo 10/100 N/A IO/100 N/A 20/100 35/200 
FL2.5( .3) B lO/lOO 10/100 IO/100 N/A 20/100 N/A 35/200 N/A 

s 10/100 10/100 IO/100 N/A IO/100 N/A 20/100 N/A 
FL(2+1)6 or B lO/lOO IO/100 10/100 N/A 20/l 00 N/A 35mo 
.W2)5 s lO/lOO 10/100 10/100 N/A 20/100 N/A 35/200 35/200 
Q FL2(6) or B lO/lOO 20/100 20/100 N/A 35/200 N/A 
MO(A) s 10/100 20/100 20/100 20/100 35/200 3woo 
FL4(1) s 10/100 10/100 20/100 20/l 00 20/100 35/200 35/200 
FL2.5( 1) S lO/lOO 20/l 00 20/100 35/200 35/200 
Is06 or iso2 s 10/100 20/100 351200 35/200 35/200 

S IO/100 35/200 35/200 
Fix s 20/100 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
"I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and W-14 range lanterns. 
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SOLAR SIZING TABLE - 25 - Tampa, FL Lat 27.97N 
Tilt Angle Ptinel Size (watt@Battery Size (amp-hours) 

EBuov I 0” I 
L -I --_-. - i.Stri IdI Ire 160”1 -- Lamp Size* 
Flasher Rhvthm .25a .77a I I&I 1 k15a I 1.9a 1 2.03a 13.0/3.05a 

MO(A) ’ ’ 1 s 10/100 1 20/100 20/100 20/100 35/200 
FI All\ IS 10/100 I 10/100 20/100 ml00 20/100 35/200 351200 

1100 20/100 35/200 351200 
351200 351200 35/200 

.  -‘\‘l 

. - .  . - -  

FL2.5( 1) s 10/100 ii 
Is06 or Is02 s 10/100 20/100 

S 20/100 35/200 35/200 I 
Fix S 20/100 351200 b&L,> / 

I I I v 
*Minimum battery size when using liquid electrolyte (i.e. ~Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or galled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 26 - Tallahassee, FL Lat 30.38h 
Tilt Angle Panel Size (watts)/Battey Size (amp-hours)* 

B-Buov ‘-J 
I 0” I 
I 

s-al --_-. - ucture lid I-- I Lamo size” 
Flasher Rhvthm I I .25a I .55a I .77a I ;.Oa I 1.15a I 1.9a I 2.03a I3.013.05a 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-Buov 

SOwi SIZING TABLE - 27 - Mobile, AL Lat 30.68N 
Tilt Angie Panel Size (watts)/Battery Size (amphoursr 

I 0” I I 
S-Structure 60 Lamp Size” 
Flasher Rhythm .2Sa 1 25% 1 .77a 1 I.Oa 1 1.15a 1 1.9a 1 2.03a /3.0/3.05a 
FL4l.4) at- B 10/I 00 1 lO/lOO 1 10/l 00 1 N/A 1 20/I 00 1 N/A 1 35/200 i 35/200 
FL6(.6j s lO/lOO IO/100 1 O/l 00 N/A IO/100 N/A 20/l 00 35/200 
FL2.5( .3) B IO/100 lO/lOO 20/100 N/A 20/100 N/A 35/200 N/A 

s 10/100 10/100 lO/loo N/A 20/100 N/A 35/200 N/A 
FL(2+1)6 or B IO/100 10/100 20/l 00 N/A 201200 N/A 35/300 
FL(2)5 S IO/100 lO/lOO 20/100 N/A 20/100 N/A 351200 
Q, FL2(6) or B IO/100 20/100 35/200 N/A 35/400 N/A 
MO(A) S IO/l 00 20/100 20/l 00 35/200 35/200 
FL4(1) S 10/l 00 20/100 20/l 00 20/100 20/200 35/200 35/300 
FL2.5( 1) S IO/100 20/100 351200 351200 35/200 
Is06 or iso2 S IO/l 00 20/l 00 35/200 35/200 

s 20/100 35/200 
Fix s 20/100 35/300 c I I 1 I I I I I I 1 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 28 - New Orleans, LA Lat 29.98N 
I Tilt Anale Panel Size kvattsYBatterv Size (amwhoursP I 

- -..--_-.- -- --. . -i- 
Flasher Rhythm .25a .55a .77a I.-- ..-__ ..-- -_-__ ,- 
FL4( -4) ar B lo/100 lO/lOO 10/100 N/A 20/I 00 N/A 35/200 1 : 
FL61 -6) s 10/100 10/100 1 041 00 N/A 10/100 N/A 20/l O( 

IFL2.5(1’) - - \ - I  t I i 1 I l&ii 1 I 20/l& 1 I ~- -~ ~~ -- --.--- ------ I 35/200 1 I 35/200 1 I 3X200 1 I 
I 

tlso6 or lso2 
I I  I  I  I  I  I  

1 S 1 IO/100 1 20/100 I 351200 I 351200 I I I I 

B-Buoy 
S-Stnrct~m 

1 0” 
I 60° 

I 

s 20/100 351200 
Fix s 20/100 351200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“*I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 29 - Port Arthur, TX Lat 29.95N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt soiar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and FL-14 range lanterns. 

SOLAF? SIZING TABLE - 30 - Houston, TX Lat 29.98N 

. 

FL2.5(1) S IO/l00 20/100 351200 35/200 35/200 
Is06 or Is02 S IO/l00 20/200 351200 35/300 

s 20/100 35/200 
Fix s m/loo 3!5/300 

- *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and FL-14 range lanterns. 
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Lat 27.77N 

FL4(1) S 10/100 20/100 1 20/l 00 20/100 20/200 35/200 35/300 
FL2.5( 1) S IO/l 00 20/l 00 35/200 35/200 35/200 
Is06 or Is02 s 10/100 20/100 35/200 35/200 

S 20/100 35/200 
Fix s 20/100 35/300 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and R-14 range lanterns. 

SOLAR SIZING TABLE - 32 - Brownsville, TX Lat 25.90N 
lilt Angie Panel Size (watts)/Battety Size (amphoui-s)* 

B-Buoy 0” 
S-Structure 60” Lamp Size” 
Flasher Rhythm .25a .!%a .77a I& 1.15a 1.9a 2.03a 3.Ol3.OSa 
FL4( .4) or B 10/100 1 O/l 00 iO/lOO N/A 20/100 N/A 35/200 35/200 
FL6( .6) s 10/100 10/100 1 O/l 00 N/A’ IO/100 N/A 20/l 00 35/200 
FL2.5( .3) B IO/100 10/100 20/100 N/A 20/100 N/A 35/200 N/A 

s 10/100 lO/iOO IO/100 N/A 20/100 N/A 35/200 N/A 
FL(2+1)6 or B IO/100 10/100 201100 N/A 20/100 N/A 35/200 
FL(2)5 s 10/100 1 O/l 00 20/l 00 N/A. 20/100 N/A 35/200 
Q, FL2(6) or B lO/lOO 20/100 35/200 N/A 35/200 N/A 
MO(A) s 10/100 20/100 20/100 35/200 35/200 
FL4(1) s 10/100 20/100 20/l 00 20/100 201200 35/200 35/300 
FL2.5(1) S IO/100 20/l 00 35/200 35/200 35/200 
Is06 or Is02 S lO/lOO 20/200 35/200 35/300 

S 20/100 35/200 
Fix s 20/100 35/300 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 33 - Little Rock, AR Lat 34.73N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 At-l for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 34 - Fort Smith, AR 
Panel Size (watts)/Battey Size (amp-hours) 

Lat 35.33N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 35 - Oklahoma City, OK 
!w Size tamdtoursY 

Lat 35&N 
1 Tilt Angle Panel Sire (watts)/Batte _ , , ~, 

B-Buoy 0 
S-Structure 60” Lamp Size” 

1 
Flasher Rhythm - -  

,-~ 

~~ 

1 ,  1 I  

.2!5a I .!%a I .77a I l.Oa I 1.15a I I& 
~~--- 

1 1 
- - - - -  

I  1 l&O I  I 
- - - -  

I  I 
__ 

20/100 _-_ N 
2.03a 3.013.0!% 

FL4f .4) or 
IFL6;.6j 

B , ~~ , ~~ , ..-- , ~-.. , - __.__ , .!A lo/100 IO/100 N/A 1 351200 35/400 

1 FL2:5(:3) 
1 S t IO/100 1 IO/100 1 IO/100 1 N/A I IO/100 I N/A 
1 I 

20/100 35/2nn 
B 1 lo/100 IO/100 . I 20/100 N/A 20/100 N/A 351200 NIA 
s 10/10l , 3 10/100 10/100 N/A 20/100 N/A i 20/200 I N/A 

R(2+1)6 or B IO/100 1 20/l 00 1 20/100 1 N/A 1 201200 1 N/A 1 35/400 I 
IR12ks I S 1 lo/100 1 IO/100 1 IO/100 1 N/A I 20/100 t N/A 1 35/200 1 I .- 
IQ. - \ - I  FL2(6) I  1 Ii I  1 I& iI 1 i 20/l 1 I  

- . - - -  

or 00 35/200 1 1 ii 1 - - .  35/400 . - -  1 i 
&A) ’ ’ 

_ l/A 
S IO/100 20/100 20/100 35/200 351200 

FLPIl\ 
.  -‘\.I 

S III/Ion 
. - .  . - -  

201100 20/l 00 20/100 20/l 00 35/200 35/200 
FL2.5( 1) s 101100 ii /loo .-- , 20/100 35/200 35/200 
Is06 or Is02 s 10/100 20/100 I 35/200 35/200 35/300 

s 20/100 35/200 35/200 
Fix s 20/100 351200 
*Minimum battery size when using liquid dectrotyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

-  ---.# I  

3-Structure l&l : -. - --- - Lamp Size” 
Flasher Rhythm .25a .!%a .77a 1.0s 1.16s 1.9a 2.03a 3.0/3.0% 
FL4( .4) or B IO/100 lO/lOO 20/100 N/A 20/100 N/A 35/200 35/500 
FLq.6) s 10/100 101100 IO/100 N/A 20/100 N/A 20/100 35/200 
FL2.5(.3) B IO/100 IO/100 20/100 N/A 20/100 N/A 351200 N/A 

s 10/100 10/100 IO/100 N/A 20/100 N/A 3!5/200 N/A 
FL(2+1)6 or 
ww 
Q, FL2(6) or 
jWY 
FL4f1) 

.-. 
B IO/100 20/100 20/100 N/A 35/200 N/A 
s 10/m 10/100 20/100 N/A 20/100 N/A 35/200 
B IO/100 2OQOO 35/200 N/A N/A 
S IO/100 20/l 00 20/200 351200 35/200 
s 10/100 20/I 00 20/l 00 20/200 35/200 35/300 

SOLAR SIZING TABLE - 36 - Memphis, TN Lat 35.05N 

i 

FL2:5(1) s 10/100 20/100 35/200 35/200 3W200 
Is06 or Is02 S lO/lOO 20/200 35/200 

S 20/100 35/200 
Fix s 20/100 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-BUOY 

SOLAR SlZlNG TABLE - 37 - Huntsville, AL Lat 34.65N 
Tilt Angle Panel Size (watts)/Batt&y Size (amp-hours) 

I 0” I 
S-Structure Lamp Size” 
El~ehcw Rh\/thm t I Pia I !i!ia I 77a I 1 na I 1 15a I l~ckl I 2-O% I RiWUvi? 1 ,51c?,,~I I\IIJ”IIII , .-- .-... . . .I . ..r- . . .-- . .-- -.--- -.-*-...-a 

l=I Al A\ t-w I R I in/inn I in/inn I 7nmn I NIA I 71111 nn I NIA I 35/2nn I .  I-7,.7, “a I  . .#I .  . .v . - ,  . - -  -v, . - -  - - I  . - -  . - .  .  - - . - - -  

FL6( .6) s 10/100 10/100 10/100 
iii 

20/100 N/A 20/200 35/200 
FL2.5(.3) B IO/100 10/100 20/100 N/A 20/100 N/A 39200 N/A 

c I nli nn *n/inn if-v~nn N/A 7n14 nn N/A 15/7nn MIA , . I , .  

;; ;;;;;;;;; i;,;;;;; ;;;;;;;;; N/A 
_“P I ” ”  .  Y ,  .  V”,_“”  . . , ,  .  

I  L\L. I ,V”1 351200 N/A 
FL(2)5 S 10/100 IO/100 20/100 N/A 20/100 N/A 35/200 
Q, FL2(6) or B 20/100 20/200 35/200 N/A N/A .-.._- --..-- --.--- --.--- ^-.^^^ 
MO(A) S 10/100 20/l 00 ZO~IJU 35/2ou 35/xJu 
FL4( 1) s 10/100 20/100 20/100 20/200 35/200 
FL2.5(1) s 10/100 20/100 35/200 35/200 35/3clo 
Is06 or Is02 S 20/100 35/200 35/200 

e -M-l I4 nn ccm-bn 0 , L”, I”” , JdL”” , I I I I I I 

*Minimum battery size wnen usrng trqura electrolyte (i.e. ue~cq. rvrrnrmum oanery srze ror aosoroeo 

,/i-+-x 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SlZlNG TABLE - 38 - Chattanooga, TN Lat 35.03N 
I Tilt Angle Panel Size (watts)/Battery Size (amp-hours) 

3 WnJ I I 

I L\L,d , Y , S”, 
n cl 3ila n* I R I ontinn I 7n 

I r-vi nn I N/A I 7nmn I N/A I 7n17nn I .25/7nn 1 

, w. , , , , -_--- --.--- I 
All j I s I inmn I 7nm-m I 2rv1an I 2o/mo I 35/200 I I l-L-1 I J 1-1 ._~ . - -  - - , . - -  - -  . . - -  - - . - - -  - - . - - -  

Cl 3 El-l\ I c I in/q0 20/100 35/200 35/200 35/300 
1 s 1 20/l"" , “V nn v200 35/200 
I e I clnbinn I cc mnn 
, 3  1 L”, I”” 1  .xJ,L”” 1 I I I I I 
I c I 9n/lnn I I I I 

- 
rlinimum battery size for absorbed - *Minimum battery size when using liquid electrolyte (i.e. Delco). 11 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. .m 
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SOLAR SIZING TABLE - 39 - St Louis, MO Lat 39.75N 

*Minimum battery size when using iiquid~ekctrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 Al-l for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and FL-14 range lanterns. 

SOLAR SIZING TABLE - 49 - Kansas City, MO Lat 39.30N 
Tilt Angle Panel Size (katts)/Battery Size (amp-hours)* 

B-Buoy 0” 
S-Structure 60 Lamp Size” 
Flasher Rhythm .25a .55a .77a Ida 1.15a 1.9a 2.03a 3.013.05a 
FL4( .4) or B IO/100 1 O/l 00 20/100 N/A 20/100 N/A 35/200 
FL6(.6) S IO/100 IO/100 IO/100 N/A 20/l 00 N/A 20/200 35/200 
FL2.5( .3) B IO/100 20/100 20/100 N/A 20/200 N/A 35/400 N/A 

s 10/100 10/100 10/100 N/A 20/100 N/A 35/200 N/A 
FL(2+1)6 or B IO/100 20/100 20/1OtJ N/A 35/200 N/A 
FL(2)5 s 10/100 101100 20/100 N/A 20/100 N/A 35/200 
Q, FL2(6) or B 20/100 35/200 35L200 N/A N/A 
MO(A) S IO/l 00 20/I 00 20/200 35/200 351200 
FL4(1) s 10/100 20/100 20/100 20/200 35/200 
FL2.5( 1) S IO/100 20/200 35/200 35/200 351300 
lso6 or lso2 s 20/100 35/200 3!3200 

s 20/100 351200 
Fix s 20/200 . 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 260 AH for 
20 watt and 300 AH for 35 watt solar panels. 
"I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 



B-Buoy 
SStrudure 

SOLAR SIZING TABLE - 41 - Moline, IL Lat 41&N 
Tilt Angie Panel Size (watts)/Battety Size (amp-hours) 

1 0” 
160” Lamo Size”* - -_. --.-.. - 

Flasher Rhythm .25a .%a .77a i.Oa 1.15a 1.9a 2.03a 3.013.05a 
FL4( .4) or B IO/100 20/l 00 20/I 00 N/A 20/200 N/A 35/300 
FI R( G\ S 10/100 I O/l 00 IO/100 N/A 20/100 N/A 35/200 3!5/300 . --\.-, I I ._. .-- 

FL2.5f.31 I i I 10/100 I 

tFI 7’!iil\ I s I 20/100 I 201 

.--- -. .--- s 20/100 35/300 
Fix s 3!5/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR s 
Tilt Anale 

IZING TABLE - 42 - Minneapolis, MN 
Panel Size fwattsYBatt&v Size larnD-hods)* I 

Lat 44.88N 
I 

t  B-Buoy 
.  I  s .  .  

I 0” I I 

IS 1 IO/100 1 IO/100 1 20/100 I N/A I 20/100 I N/A I 351200 I 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonhenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-Buov 

SOLAR SIZING TABBE - 4i, -,Evqwille, IN IA 38.05N 
Tilt Angle Panel Size (vMts)/Battery Size (timp-hoursy 

I 0” I I 
k-Structure Lame Size”” 

FL4( 1) S lO/lOO 20/100 20/l 00 35/200 35/200 
FL2.5( 1) s 10/100 20/200 35/200 35/300 
Is06 or lso2 s 20/100 35/200 35/200 

s 20/100 35/300 
FIX s 20/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

_’ 

’ SOLAR SlZlNG TABLE - 44 - l.ndiqnmlis, IN IA 39.73N 

FL2.5( 1) S 20/100 35/200 35/200 
lso6 or Is02 s 20/100 35/m 

s 20/200 
Fix s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and fU-14 range lanterns. 
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. . .._ _. ,. 

@EIE$Ie(SK$Z) or gelled (i.e.T5~onnenschein, etc.) is 100 AFl?or 10 watt panel, 200 AH for ( 
120 watt and 3O&PR’for 35 watt solar panels. k i -. -11_ 
TO~-%j”ZX3.0 amp ~~~~~F~~~~~~~~~rn~--~--~ 

8-24 



/I ii i I +, ‘, (. :..“.;>,.y”,~“?$‘; s.::.. j 

SOLAR SIZING TABLE - 47 - Pit&burg, PA Lat 4OSON 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 48 - Massena, NY Lat 44.93N SOLAR SIZING TABLE - 48 - Massena, NY Lat 44.93N 
Tilt Angle Tilt Angle Panel Size (v&s)/Battery Size (amp-ho&s) Panel Size (v&s)/Battery Size (amp-ho&s) 

~B-Buoy B-Buov I 0” 0” I 
S-Structure 60 Lamp Size”* 
Flasher Rhythm .25a .55a .77a I& 1.15a 1% 2.03a 3.013.05a 
$=L4(.4) OT B IO/l00 20/100 20/100 N/A 35/200 N/A 35/500 
~~~6(.6) s 10/100 10/100 20/100 N/A 20/100 N/A 351200 
~=L2.5(.3) B 1 O/l00 20/l 00 35/200 N/A 35/200 N/A N/A 

S IO/l00 20/100 20/100 N/A 20/200 N/A 35/300 N/A 
FL(2+1)6 or B IO/l00 20/l 00 39200 N/A 35/200 N/A 
~(2)5 S IO/l00 20/100 20/100 N/A 351206 N/A 
Q, FL2(6) or B 20/100 35/200 N/A N/A 

S 20/100 20/200 35/200 
iFL4(1) S IO/l00 20/I 00 35/200 35/300 
~=L2.5(1) s 20/100 35/200 35/300 
Is06 or Is02 S 20/100 351200 

s 20/200 
Fix s 351200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 20 watt and 300 AH for 35 watt solar panels. 300 AH for 35 watt solar panels. 
7 .O, 1.9 and 3.0 amp lamps shatl only be used in FA-240 and W-14 range lanterns. 7 .O, 1.9 and 3.0 amp lamps shatl only be used in FA-240 and W-14 range lanterns. 
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SOLAR SIZING TABLE - 49 - Rochester, NY Lat 43.12N 
Tilt Angle Panel Size (watts)/Battety Size (amp-hours) 

B-Buoy 0” 
S-Structure 60” Lamp Size”* 
flasher Rhythm .2&t 1 .%a 1 .77a 1 l.Oa 1 1.15a 1 1.9a 1 2.03a I3.0l3.05a 
FL4t.4) or B IO/100 1 20/100 t 2OAOO 1 IVA t 35/200 1 N/A t 35/500 1 
!FL6i.6j s 10/100 IO/100 20/100 N/A 20/100 N/A 35/200 
~FL2.5(.3) B IO/100 20/l 00 20/200 N/A 35/200 N/A N/A 

S IO/100 20/100 20/100 N/A 20/200 N/A N/A 
I  

FL(2+1)6 or 1 B I IO/100 I 20/100 1 35/200 1 N/A I 35/200 I N/A I I 1 FLi2)5 ’ , s 10/100 20/100 20/200 N/A 35/200 N/A 

Q, FL2(6) or B 20/100 35/200 35/500 NIA WA 
MdAj S 20/100 35/200 35/200 
FL4( i) S IO/100 20/200 35/200 35/200 351300 
FL2.5( 1) S 20/100 35/200 
is436 or Is02 s 20/100 35/300 

s 35/200 
Fix s 35/200 

I  

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrdyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1.0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 50 - Buffalo. NY IA 42.93N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrdyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 51- Erie. PA Lat42.08N 

\  I  

FL(2+1)6 or 
FL(2)5 
Q, FL2(6) or 

k(A) 
I- FL4flj 
F 

S lo/100 20/100 20/1OO N/A 3!3200 N/A N/A 
B IO/100 20/100 35/200 N/A 35QOO N/A 
S IO/100 20/100 201200 N/A 35QOO N/A 
B 20/160 35/200 35500 N/A N/A 

I s I ml00 I 35m 0 35L3oo 
I s I 10/100 I 20/200 35/200 35/200 -  . \  . I  ,  ,  . - .  . - -  - - . - - -  __ 

'l-2.5(1 \ 1 i 1 20/100 1 35/200 1 I  --~-\ ,  
I  

Is06 or Is02 1 s ml00 35/300 
Is 35/200 

39200 
*Minimum battery size when using liquid electrolyt 

I I I I I 

e (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

B-Buoy 
S-Structure 

SOLAR SIZING TABLE - 52 - Cleveland, OH lat41.4ON 
Tilt Angle Panel Size (watts)/Battety Size (amphoursp 

1 0” 
160" Lamp Size”* 

flasher Rhythm .25a .!a .77a i.Oa 1.15a 1% 2.03a 3.013.05a 
FLq.4) or B IO/l00 20/100 20/100 N/A 35QOO N/A 351500 
FLq.6) s 10/100 IO/100 20/100 N/A 20/100 N/A 351200 
FL2.5t.3) B IO/100 20/100 20/200 N/A 35/200 N/A N/A 

s 10/100 20/100 20/100 N/A 20/200 N/A N/A 
B lO/lOO 20/100 351200 N/A 35L2OO N/A 
S lO/lOO 20/100 20/200 N/A 35QOO N/A 

Q, FL2(6) or B 20/100 35/200 351500 N/A N/A 
MO(A) s 20/100 3moo 35/200 
,f=w) s 10/100 20/200 35/200 35/200 35Boo 
FL2.5(1) s ml00 35/200 
Is06 or Is02 s 20/100 35/300 

s 20/200 
Fix s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 306 AH for 35 watt solar panels,. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range ianterns. 
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SOLAR SIZING TABLE - 53 - Toledo, OH Lat 41.6ON 

FL2.5( 1) s 20/100 35/200 351300 
Is06 or iso2 s 2omo 35/200 

s 2omo 
Fix s 35~200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrdyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

Lat 42.42N SOLAR SIZING TABLE - 54 - Detroit, MI 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours)* 

BRI If-w 
---.J I 0” I 

I  

I fiO”l 
I 

s - -. - .-. - -Structure I I Lamo Size* I 
Flasher Rhythm 1. 1 .25a I .55a I .77a I ;.Oa I 1.15a I 1.9a I 2.03a I3.0/3.05al 
FL4(.4) or * 

I 
B IO/100 20/l 00 20/100 N/A 35/200 N/A 39500 

FL6( .6) s 10/100 IO/100 20/100 N/A 20/100 N/A 35/200 
L2.5(.3) B IO/100 20/100 20/200 N/A 35/204I N/A N/A 

s 10/100 IO/100 20/100 N/A 201200 N/A 351300 N/A 
B IO/100 20/100 351200 N/A 35/300 N/A 
S lo/100 20/100 20/100 N/A 35/200 N/A 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt ~xwN?I, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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I 
SOLAR SIZING TABLE - 55 - Alpena, MI Lat 45.07N 

Tilt Anale Panel Size hraltsYBattetv Sii lamtiourd* I 
SOLAR SIZING TABLE - 55 - Alpena, MI Lat 45.07N 

Tilt Angle Panel Size (walts)/Battety Sii (amp-hours) 
B-Buoy B-Buoy 0 0 
S-Structure S-Structure 60 60 Lamp Size* Lamp Size* 
Flasher Rhythm Flasher Rhythm .25a .25a .55a .55a .77a Ida .77a Ida 1.15a 1.15a 1.9a 1.9a 2.03a 3.013.05a 2.03a 3.013.05a 
FL4(.4) or FL4(.4) or B B IO/l00 20/100 20/100 N/A IO/l00 20/100 20/100 N/A 35/200 35/200 N/A N/A 
FL6(.6) FL6(.6) S S IO/100 IO/l00 20/100 N/A IO/100 IO/l00 20/100 N/A 20/100 N/A 20/100 N/A 35/200 35/200 
FL2.5( .3) FL2.5( .3) B IO/l00 20/l 00 20/200 N/A B IO/l00 20/l 00 20/200 N/A 35/200 N/A 35/200 N/A N/A N/A 

S S IO/l00 20/100 20/100 N/A IO/l00 20/100 20/100 N/A 20/200 N/A 20/200 N/A N/A N/A 
FL(2+1)6 or FL(2+1)6 or B B 20/100 20/200 35/200 N/A 20/100 20/200 35/200 N/A 35/400 N/A 35/400 N/A 
FL(2)5 FL(2)5 S IO/100 20/100 20/200 N/A S IO/100 20/100 20/200 N/A 35/200 N/A 35/200 N/A 
Q, FL2(6) or Q, FL2(6) or B 20/100 35/200 B 20/100 35/200 N/A N/A N/A N/A 
Moo Moo S S 20/100 35/200 351200 20/100 35/200 351200 
FLW) FLW) S IO/100 20/200 3WOO 35/200 35/300 S IO/100 20/200 3WOO 35/200 35/300 
FL2.5(1) FL2.5(1) S 20/100 351200 S 20/100 351200 
Is06 or lso2 lso6 or lso2 s 20/100 35/300 s 20/100 35/300 

s 35/200 s 35/200 
Fix Fix s 351200 s 351200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 20 watt and 300 AH for 35 watt solar panels. 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. “I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 56 -Traverse Cii, Ml IA 44.73N 
Tilt Angle Panel Size (watts)/Battery Sue (amp-houis) 

&Buoy 0” 
SStructure 60” Lamp Size* 
Flasher Rhythm .25a 1 .55a 1 .77a 1 l.Oa 1 1.15a I 1.9a 1 2.03a I3.013.05a 
FL4f.4) or 
FL6(.6j 

B IO/100 1 20/l 00 1 20/100 1 N/A i 35QOO 1 N/A t I 
s lo/loo IO/100 20/100 N/A 20/200 N/A 351300 

FL2.5( -3) B IO/l00 IO/l00 20/200 N/A 351200 N/A N/A 
S IO/l00 20/100 20/100 N/A 35/200 N/A NIA 

FL(2+1)6 or B 20/100 201200 35/200 N/A 3!3400 N/A 
.FL(2)5 s 10/100 20/100 20/200 N/A 35/200 N/A 
Q FL2(6) or B 20/100 351300 N/A N/A 
MO(A) s 20/100 35/200 35/300 
FL4(1) s 20/100 20/200 35/200 35/300 
FL2:5(1) 
Is06 or Is02 

S 20/100 35/200 
s 20/100 35/300 
s 33200 

FIX s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

_ “I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-Buoy 
S-Structure 

SOLAR SlZlNG TABLE - 57 - Muskegon, MI Lat 43.17N 
Tilt Angle Panel Size (watts)/Battery Size (amp-houti) 

1 0” 
160” Lamo Size”* 

5a I 1% I 2.03a I 3.0/3.0!%4 IFlasher Rhythm 1 1 .25a 1 .%a 1 .77a I&I 1.1 

l- FL -4(.4) or 1 B 1 IO/100 1 20/100 1 20/100 N/A 35/200 N/A 35/500 
IFL~(.~) I s I ~xvi 00 t 10/100 20/100 N/A 20/200 N/A 35/200 

20/l 00 20/200 N/A 

or 
FL(2)5 
Q, FL2(6) or 
Mo(N 
FLUI \ 

B IO/100 
s 10/100 20/l 00 20/100 N/A 
B IO/100 20/200 35/200 N/A 
s 10/100 20/100 2OL 200 N/A , I 
B 20/100 35/200 1 N/A 1 
s 20/100 35/200 
s 20/100 20/200 

3!5/200 

f 

351200 
351300 
351200 

--.--_ 
N/A 
N/A 

-  - . \ . I  

s 
- - .  . - -  -_.-__ 

FL2.5( 1) 20/100 351200 
Is06 or Is02 s 20/100 35/300 

35/200 35/300 

s 35/200 
Fix s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Min imum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 58 - Chicago, IL Lat 41.78N 

*Minimum battery.size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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,,.i J,>‘*, -;;, ,~>~?&~~:~~ , . 1 ., *’ >‘. ( r+ >,* ,.i ,,!,r,.*:“” : 

SOLAR SIZING TABLE - 59 - Milwaukee, W Lat 42.95N 
Tilt Angle Panel Size (watts)/Battety Size (amp-hours) 

B-Buoy 0” 
S-Structure 60 Lamp Size” 
flasher Rhythm .25a .%a .77a l.Oa 1.15a 1.9a 2.03a 3.Ol3.05a 
FL4( .4) or B IO/100 20/100 20/100 N/A 35/200 NIA 35/400 
FL6(.6) s 10/100 1 O/l 00 20/100 N/A 20/100 N/A 35/200 

I I I I , I I I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I -0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SI 
Tilt Anale 

3LE-60-GreenBav.WI KING TAI q. 
Panel Size IwattsVBatt&v Size (am&o&s~ 

Lat 44.4#N 

S-StrGture 6001 Lamp Size** 
Flasher Rhvthm 

1 FL41.4) or 
I I .25a I .%a I .77a I l&a 

I  ~---- 1 I  - - - -  I  1.15a 1 ISa 2.03a 3.013.05a 

I ” 1 B 1 lO/lOO 1 I 1 I 20/l 60 I 20/100 I I , N/A 35/200 1 N/A 351500 
1~~6~6) I S I IO/100 i IO/100 t 20/100 1 N/A I 20/100 1 N/A I 35/200 -1 

I FL2.5(.3) 
tFL(2+1 \r6 or t ’ ’ 

B S 1 1 IO/100 IO/100 I 1 
I i I 10/100 I 20/100 I 

20/100 IO/l00 1 I I I ,-----a 20/200 20/100 I* I N/A N/A 1 I 20/100 351200 --. N/A N/A 35/200 N/A N/A 

L 1 I I I N/A 3% 300 N/A 
1 FL(2)5 1 S 1 10/l 00 1 20/l 00 1 20/100 1 N/A 1 35/200 I N/A 1 
IQ, ‘Flk(6) or 

I  

1 B 1 20/100 1 35/200 1 35/500 1 N/A I 1 N/A I I I 
MO(A) ’ ’ s 10/100 201200 351200 351300 
FL4(1) S 1 O/l 00 20/100 20/200 35/200 351200 
FL2.5(1) S 20/100 35/200 35/200 
Is06 or lso2 s 20/100 35/200 

s 20/200 
Fix S 351200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SI 
Tilt Angle 

I no I 

IZING TABLE - 61- Sault Ste Marie, MI 
Panel Size (watts)/Battety Size (amp-hours) 

R-RI ~nv 

Lat46.47N 

I - -...-, 
S-Structure 

t - 
1604 Lamo Size”* I _ __. --_-. - I-- I 

klasher Rhvthm 1 1 .25a I .55a I .77a .I l.Oa I 1.15a I I.&I I 2.03a I3.013.05al 

r FL4( 4) or 
FI 6(~61 

35/200 N/A 
100 1 20/100 1 N/A 1 20/100 ‘N/A 35/200 

VI00 1 20/200 1 N/A I 35/200 N/A NIA 
.  --\‘-I 

1 FL2.5(.31 I i I 10/100 I ii 
I --- --- I I - ---\--, 

S R B or 
10/100 
20/l 00 

20/100 20/100 N/A 20/200 NIA N/A 
20/200 35/200 N/A 35/400 N/A 

-100 20/100 N/A 35/200 N/A 
i/300 N/A N/A 

-  - \ - I -  I  I  - - - - - -  I  - -  

0. Fl-2(6) or I i I 20/100 I 35 t-s-t 1 20/l 00 
tFL&j 1 S 1 IO/100 1 20/200 1 35/200 1 35/200 1 35/300 1 I I 
In -Et 20/l 00 1 

I  I  

35/200 1 35/200 1 I I I I 

351200 1 I I I I I . -.-\ ., --. .-- 
Is06 or Is02 s 20/100 35 

s 351200 
Fix s 351200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battet$ size’for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 62 - Houghton, MI Lat 47.17N 
Tilt Anale Panel Size battsVBatterv Size famdxws)* I 

S-Structure 60" Lamp Size”* 
Flasher Rhythm .25a .55a .77a l.Oa 1.15a ISa 2.03a 3.013.05a 
FL4( .4) or B IO/100 20/100 201200 N/A 35/200 NIA 
FL6( -6) s 10/100 20~100 2OAOO N/A .-- -. 20/200 N/A 351300 
FL2.6(.31 B 20/100 20 1200 1 N/A 1 35K N/A N/A . ---\--I s 

~ 
B 
S 
B 

. .-- 
-11200 

20/100 
35/200 

--. 
35. 

201100 
35/200 
20/200 

NIA 

Iv 
*Minimum battery 

I  -  I  ~~ ~~~ I  I  

size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e:Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 63 - Duluth, MI Lat 46.83N 
Tilt Angle Panel Sue (watts)/Battery Sire (amp-hours)* 

B-Buoy 0” 
S-Structure 60” Lamp Size”* 
Flasher Rhythm .25a .55a .77a l.Oa 1.15a 1.9a 2.03a 3.013.05a 
FL4( .4) or B IO/100 20/100 20/100 N/A 351200 N/A 
FLq.6) s 10/100 10/100 20/100 N/A 20/100 N/A 35/200 
FL2.5( -3) B IO/l 00 20/100 201200 N/A 35/200 N/A N/A 

s 101100 10/100 20/100 N/A 20/100 N/A 35/200 NJA 
FL(2+1)6 or B 20/100 20/200 35/200 N/A 35/400 N/A 
FL( 2)5 S IO/100 20/100 20/100 N/A 35/200 N/A 
Q, FL2(6) or B 20/100 35/200 N/A N/A 
Ma(A) s 10/100 20/200 35/200 
FWI 1 S IO/100 20/l 00 20/200 35/200 351200 
FL2.5(1) s ml00 35/200 35/200 
Is06 or Iso2 s 2omo 35/200 

s 20/200 
Fix s 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 64 - International SOLAR SIZING TABLE - 64 - International Falls, MN Falls, MN Lat Lat 48.57N 48.57N 
Tilt Angle Tilt Angle Panel Size (watts)/Battety Siie (amp-hods) Panel Size (watts)/Battety Siie (amp-hods) 

B-Buoy B-Buoy 0” 0” 
S-Structure S-Structure 60 60 Lamp Size”* Lamp Size”* 
Flasher Rhythm Flasher Rhythm .25a .55a .25a .55a .77a l.Oa .77a l.Oa 1.15a 1.9a 1.15a 1.9a 2.03a 3.013.OSa 2.03a 3.013.OSa 
FL4(.4) or FL4(.4) or B IO/100 20/100 20/100 N/A B IO/100 20/100 20/100 N/A 3%?00 N/A 3%?00 N/A 
FLq.6) FLq.6) s s 10/100 101100 20/100 N/A 10/100 101100 20/100 N/A 20/100 20/100 N/A N/A 351200 351200 
FL2.q .3) FL2.q .3) B IO/100 20/100 35/200 N/A B IO/100 20/100 35DOO N/A 35/200 35/200 N/A N/A N/A N/A 

S IO/l00 20/100 20/200 N/A S IO/l00 20/100 20/200 N/A 35/300 35/300 N/A N/A N/A N/A 
FL(2+1)6 or FL(2+1)6 or B B 20/100 201200 3!WOO N/A 20/100 20/200 3!WOO N/A 35/500 35/500 N/A N/A 
FL(2)5 FL(2)5 S S IO/100 20/100 20/100 N/A IO/100 20/100 20/100 N/A 35/200 35/200 N/A N/A 
Q, FL2(6) or Q, FL2(6) or B 20/200 39400 B 20/200 39400 NIA NIA N/A N/A 
MO(A) MO(A) S S 20/100 35/200 35L200 20/100 35/200 35L200 
FL4(1) FL4(1) S S IO/100 20/l 00 35/200 35/200 IO/100 20/l 00 35/200 351200 35/300 35/300 
FL2.5( 1) FL2.5( 1) S S 20/100 35/200 35BOO 20/100 35/200 35BOO 
lso6 or lso2 lso6 or lso2 S 20/109 35/200 S 20/109 35/200 

s s 35/200 35/200 
Fix Fix s. s. 351200 1 351200 1 
*Minimum battery size when using liquid ektrolyte (i.e. Delco). *Minimum battery size when using liquid ektrolyte (i.e. Delco). Minimum battery size for absorbed Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I -0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I -0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-Buoy 
S-Structure 

SOLAR SIZING TABLE - 65 - Salt Lake City, UT 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours) 

1 0” 
160” Lame Size** 

Lat40.77N (j- 

Flasher Rhythm 1 1 .25a 1 .55a 1 .77a 1 i.Oa I 1.1&i I l.9a I 2.03s I3.013.05a 
FL4f.4) or 1 B 1 1 O/100 1 20/100 1 20/100 1 N/A 1 20/200 1 N/A 1 35/300 I 
FL6i.6) 

I 
s 10/100 1 O/l 00 IO/100 N/A 20/100 N/A 35/200 351300 

FL2.5(.3) B IO/100 20/l 00 20/l 00 N/A 351200 N/A N/A 
s 10/100 IO/100 20/100 N/A 20/100 N/A 35/200 N/A 

FL(2+1)6 or B IO/100 20/100 20/200 N/A 35/200 N/A 
FL(2)5 s 10/100 1 O/l 00 20/100 N/A 20/200 N/A 35/300 
Q, FL2(6) or B 20/100 35/200 35/300 N/A WA 
MO(A) s 10/100 10/100 20/100 35QOo 35/300 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery Size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 66 - Reno, NV Lat 39SON 

FL2.5(1) s 10/100 20/100 351200 35/200 351200 
Is06 or Is02 s 10/100 20/I 00 351200 35/200 
OC4 s 20/100 35/200 
Fix s 20/100 35/300 ,.. ., I 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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,G TABLE - 67 - Las VE SOLAR SUN Igas, NV 
lilt Anale P&d Size hattd/Batterv Size~tamtMoursl* 

Lat 36.08N 
I 

1 FL4t.4) or 1 B 1 IO/100 1 IO/100 1 IO/100 1 N/A I 20/100 I N/A 

1 S 1 IO/100 1 IO/100 1 IO/100 i 

-  - \ - I -  

Ii 2&100 
- .  - - .  . - -  .  _. .  - - . - - -  

Q, FL2(6) or 10/100 351200 N/A 351200 N/A 
MW s 10/100 1 O/l 00 20/I 00 20/100 20/200 35/300 
FL4( 1) s 10/100 10/100 20/l 00 20/l 00 20/l 00 351200 35/200 
FL2.5( 1) s 10/100 20/100 20/100 20/200 35/200 
Is06 or is.02 s 10/100 20/100 20/100 35/200 35/200 
OC4 s 10/100 20/200 35/200 35/300 
Fix s 20/100 35/200 35/300 

I- - - -  I -  I ~--  -~ I ~~~-~ I ~- - - -  I I I I I 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 66 -San Diego, CA Lat 32.73N 

:FL2.5(1) S lO/lOO 20/100 20/l 00 35/200 35/200 
‘Is06 or Is02 S IO/100 20/100 20/200 35/200 35/200 
~Qc4 S 20/100 35/200 35/200 
~Fix s 20/100 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 69 - Long Beach, CA Lat 33.82N 
Panel Size @vat&)/Battery Size (amp-hoursp 

B-Buoy 0” 
S-Structure 60” Lamp Size** 
Flasher Rhythm .25a 1 .%a 1 .77a 1 l.Oa 1 1.16a 1 1.9a 1 .2.03a I3.013.06a 
FL4(.4) or B IO/100 1 1 O/l 00 1 1 O/l 00 1 N/A i ZO/lOO 1 N/A 1 35/200 1 35/300 

-  - - - \ - - I  

t  

FL(2+1)6 
FL(2)5 
^ -. ^ 

or 

I s I 10/100 I 10!100 IO/100 N/A IO/100 N/A 20/l 00 35/200 
/IO0 20/100 N/A 20/100 N/A 35/200 N/A I ~~ 

s 10/100 10/100 IO/100 N/A 20/100 N/A 20/l 00 N/A 
B IO/100 1 O/l 00 20/100 N/A 20/200 N/A 35/300 
s 10/100 10/100 IO/100 N/A 20/100 N/A 35/200 

I  

Ii 
I  - - - I  

!(6) or 1 1 IO/100 1 20/100 1 35/200 1 I’UA I 35/300 I N/A 1 I I u, l-L& ~, 
,WA) s 10/100 20/100 20/100 35/200 35/200 
FI 4111 S 10/100 1 O/l 00 20/l 00 20/l 00 20/l 00 35/200 35/200 

/IO0 20/100 35/200 35/200 
. -.\., .-. .-- 
FL2.5(1) s 10/100 20 
iso6 or Is02 s 10/100 20/l 00 35/200 35/200 35/200 

s 20/100 35/200 35/200 
Fix s 20/100 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for‘absorbed 

f9-3 

electrolyte (Sunlyte) or gelled (i.er Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 70 - Los Anaeles. CA Lat 33.93N 

--\-/ 
1FL2.5(11 1 S 1 10/100 1 20/l 00 1 20/l 00 1 35/200 1 35/200 1 

.  I  

Is06 or Is02 S 1 IO/100 1 20/l 00 1 35/200 1 35/200 1 35/200 1 
OC4 

t& 
S 1 I I 20/100 1 35/200 1 35/200 1 I I 

I 
1 S 1 20/100 1 35/200 1 I I I 

(i.e. Delco). Minimum battery size for absorbed *Minimum battery size when using liquid electrolyte 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*‘t .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 71 9 Lat 34.90N - Santa Maria; CA 
Tilt Angle Panel Size (watts)lBattety Size (amp-hours)* 

B-Buoy 0” 
S-Structure 60” Lamp Size** 
Flasher Rhythm .25a 1 .55a 1 .77a 1 1 .Oa 1 I .15a 1.9a 2.03a 3.013.05a 

IFL4t.41 or I ” 1 B 1 IO/100 1 IO/100 t IO/100 1 N/A x I ! ! I I , !O/lOO N/A 351200 35/300 
1 IO/100 1 IO/100 1 IO/100 1 N/A I IO/100 I N/A I 20/100 I 35m 

1 FL(2+116 or B 1 1 O/l 00 1 O/l 00 20/100 7-~ 20/200 

1 S 1 20/100 1 35/200 1 I I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). 

I 
Minimum battery size for absorbed 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
*I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

B-Buov 

SOLAR SIZING TABLE - 72 - San Francisco, CA 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours) 

I 0” I 

IA 37.62N 

FL(2+1)6 or B IO/100 20/100 201100 N/A 351200 N/A 
FL(2)5 s 10/100 10/100 20/100 N/A 20/100 N/A 351200 
Q, FL2(6) or B 20/100 35/200 35/200 N/A N/A 
MO(A) s 10/100 20/l 00 20/200 35/200 35/200 
FL4( 1) s 10/100 20/l 00 20/l 00 20/200 35/200 
FL2.5( 1) s 10/100 20/l 00 35/200 35/200 35/300 
Is06 or Is02 s 20/100 35/200 351200 

s 20/100 35/200 
Fix s 20/100 c I I I I I I I I I 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I -0, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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B-Buoy 
S-Structure 

SOLAR SIZING TABLE - 73 - Aroata, CA SOLAR SIZING TABLE - 73 - Aroata, CA Lat 48.98N Lat 48.98N 
Tilt Angle Panel Size (watts)/Battety Size (amphoursy 

1 0” 
160” Lame Size” 

*Minimum battery size when using *Minimum battery size when using liquid liquid electrolyte (i.e. electrolyte (i.e. Delco). Delco). Minimum Minimum battery size for absorbed battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. “I .O, I .9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 74 - North Bend, OR Lat 43.42N 
iilt Anale Panel Size MattsVBatterv Size (amD-hours)* 1 

I no I I 
I  -  

160”1 Lamb Size** I 
Flasher Rhythm .25a .55a .77a 1 .Oa 1.1% 1.9a 2.03a 3.013.05a 
FL4(.4) or B IO/100 20/100 20/l 00 I’UA 351200 NIA 35/500 
FLfY.6) s 10/100 1 O/l 00 20/100 N/A 20/100 N/A 35/200 --\--, 

tFL2.5t.3) 
I 
1 Ii 1 1 O/100 1 20/100 1 201200 1 NIA 1 351200 t N/A 1 1 N/A 1 

.  I  t-a 
t  

In/loo . - .  . - -  t 
FL12+116 or I ii I 10/100 I iii - \ -  - I -  

FL(Z)5 

t -  

Q, FLW3) 
MO(A) 

or 

*Mini imum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sun&e) or gelled (i.e:Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOUR SIZING TABLE - 75 - Astoria, OR Lat 46.15N 
Tilt Angle Panel Size (watts)/&ittery Size (amp-hour+ 

I 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

B-Buoy 

SOLAR SIZING TABLE - 76 - Portland, OR 
Tilt Angle Panel Size (watts)/Battery Size (amp-hcWrs)* 

1 0” 1 

Lat 4560N 

cture i 60”1 Lamo Size** 

004 s 33200 
Fix S 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOL 
I Tilt Annb 

-Structure 16o”i 

AR SIZING TABLE - 77 - Pendleton, OR Lat 45.68N 

1 FL4(.4) or 

1 B 1 20/100 1 35/200 1 35/200 1 N/A 1 35/400 1 N/A 1 
FL(2)5 
Q, FlJ(6) or 
.MW 
FL4( 1) 

S IO/100 20/200 35/200 N/A N/A 
B ?O/lOO 35/300 N/A N/A 
s 20/100 35/200 35/300 
s 10/100 20/200 35/200 35/200 

jFL2.5(1) ISI 
Is06 or Is02 
OC4 
Fix 

20/100 ! 35/: zoo 

s 20/100 35/300 
S 351200 
S 351200 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 78 - Quillayute, WA Lat 47.95N 
Tilt Angle Panel Size (watts)/Battery Size (amp-hours)* 

1 0” 
160” Lame Size” 

B-Buoy 
S-Structure 
Flasher Rhythm 
FL4(.4) or 
FL6( .6) 
Fl2.5( .3) 

.25a .%a .77a 1 .Oa 1.15a 1.9a 2.03a 3.013.05a 
B 20/100 20/200 35/200 N/A 35/300 N/A 
s 10/100 20/l 00 20/200 351200 NIA 
B 20/100 20/200 35/200 N/A 35/400 N/A N/A 
s lo/loo 20/100 20/200 N/A 35/200 N/A N/A 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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i, , ,  ,&.*h:  . . \  . I  : .  ‘:j :,’ 2, I  _, 

SOLAR SIZING TABLE - 79 - Seattle, WA Lat 47&N 

MC@) 
FL4( 1) 
FL2.5(1) 
Is06 or Is02 
Oc4 
Fix 

s 20/100 35/300 
s 10/100 35/200 35/300 
s 20/200 
S 35/200 
s 35/300 
S \ 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
**I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 80 - Annette. AK Lat 55.03N 
lilt Angle 

B-Buoy 0” 
S-Structure 75” 
Flasher Rhythm .25a 
FL4( .4) or B 20/100 

Panel Size @at&)/Battery Size (amp-hours)* 

Lamp Size** 
.55a .77a l.Oa 1.15a 1.9a 

35/200 35/300 N/A N/A 
2.03a 

~ 

3.013.05a 

MN9 
FL4(1) 
FL2.5(1) 
Is06 or Is02 
OC4 

s .xJl1LUU 
s 201200 35t300 
S 351200 ,2 
s .3~,?4wi 
C 

Ii%- 
I 
*Minim1 

1 Sl I I I 
urn battery size when using liquid electrolyte (i.e. Delco). 

I I I I I 
Minimum battery size for absorbed 

electrolyte (Sunlyte) or gelled (i.e:Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
**I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOI 
Tilt Anale I 

B-Buoy 
S-Structure 

1 O”-- 
I 75” 

LAR SIZING TABLE - 81 - Yakutat, AK 
Panel Size (watts)iBattery Size (amphotirs)* 

Lame Size” 

Lat 59.52N 

Flasher Rhythm 
FL4( .4) or 

I~~6t.6) 

.25a .55a .77a 1 .Oa 1.1% 1.9a 2.03a 3.0/3.OSa 
B 20/200 351300 35/500 N/A N/A 
S 20/100 35/200 35/200 N/A N/A 

/FL4fl) 35/200 I I I I I I I 
FL2:5;1) ! ! ! ! ! I 
Is06 or Is02 S 
OC4 S 
Fix S 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 82 - Anchorage, AK Lat 61.17N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“i .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOLAR SIZING TABLE - 84 - Cold Bay, AK Lat 55.2ON 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 85 - King Salmon, AK Lat 58.68N 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

NG TABLE - 86 - Bethel. SOLAR Slzl .w Lat 60.78N 
Tilt Anale Panel Size ~wattsYBatt&v Size’ lamr>-hours)* I 

electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 87 - Nome, AK SOLAR SIZING TABLE - 87 - Nome, AK Lat 64SON Lat 64SON 
Tilt Angle Tilt Angle Pahel Size (watts)/Battety Size (amphours) Pahel Size (watts)/Battety Size (amphours) 

B-Buoy B-Buoy 0” 0” 
S-Structure S-Structure 75” 75” Lamp Size”” Lamp Size”” 
flasher Rhythm flasher Rhythm .2&l .2&l .55a .55a .77a Ida .77a Ida 1.15a 1.9a 1.15a 1.9a 2.03a 3.013.05a 2.03a 3.013.05a 
FL4(.4) or FL4(.4) or B 35/300 35/500 B 35/300 35/500 N/A N/A N/A N/A 
FL6(.6) FL6(.6) S 20/200 35/200 S 20/200 35/200 N/A N/A N/A N/A 
FL2.5( .3) FL2.5( .3) B 35/300 B 35/300 N/A N/A N/A N/A N/A N/A 

s 20/200 35/300 s 20/200 35/300 N/A N/A N/A N/A N/A N/A 
FL(2+1)6 or FL(2+1)6 or B 35/400 B 35/400 N/A N/A NIA N/A 
FL(2)5 FL(2)5 S 351200 S 351200 N/A N/A N/A N/A 
Q, FL2(6) or Q, FL2(6) or B B N/A N/A N/A N/A 
Moo Moo s 35/300 s 35/300 
,FL4(1) ,FL4(1) S 35/200 S 35/200 
FL2.q 1) FL2.q 1) S S 
Is06 or Iso2 lso6 or Is02 S S 

S S 
Fix Fix S S 
*Minimum battery size when using liquid electrolyte (i.e. Delco). *Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. “I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

B-Buov 
Tilt Angle 

I 0” I 

SOLAR SIZING TABLE - 88 - Hilo, HI 
Panel Size (watts)/Battefy Size (amp-hours) 

Lat 19.72N 

I 
IS-Structure Lame Size” 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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SOLAR SIZING TABLE - 89 - Kahului, HI Lat 20.9ON 
Tilt Angle Panel Size (watts)/Battety Size (amp-hours) 

1 

L 
s--..~- Lamo Size" 
Flasher Rhythm .25a .55a .77a l&i 1.15a 1.9a 2.03a 3.0/3.05; 
FL4( .4) or B 10/100 10/100 lo/100 N/A IO/100 N/A 20/l 00 35/200 

100 N/A 20/l 00 20/l 00 
N/A 20/100 N/A 

FL6( .6) s 10/100 10/100 10/100 N/A IO/'. -- 
FL2.5(.3) B IO/100 10/100 IO/100 N/A 20/l 00 

1 S 1 IO/100 1 IO/100 1 IO/100 1 N/A 1 IO/100 , IYI~~ , LU, IV" , IYIP, 
FL(2+1)6 or 1 B 1 IO/100 1 IO/100 1 IO/100 I N/A I 20/100 1 N/A I 35/200 I 35/400 
I FLi2E ’ . -\-I- 

0. FL2(6\ or 
h&i \ - I-- 

I s I I I 10/100 ._. ._- I 10/100 IO/100 N/A 20/100 N/A 20/l 00 35/200 
I i I 10/100 I ii 
I s I I 

--- -- 
I I 

--/100 20/100 N/A 35/200 N/A 
10/100 lO/lOO 20/100 20/100 20/l 00 35/200 35/300 

IFli;) 1 S 1 IO/100 1 IO/100 1 IO/100 1 20/100 1 20/100 1 35/200 1 35/200 1 
I I I I I ~~ I I I I 

w215il) s 10/100 20/100 20/100 20/100 35/200 
Is06 or Is02 S IO/100 20/100 20/100 35/200 35/200 

s 10/100 20/100 35/200 35/200 
Fix S 20/100 35/200 35/200 
*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 

"1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

SOUR SIZING TABLE - 90 - Honolulu. HI Lat 21.33N 

B-Buov 
Tilt Angle 

I 0” I 
Panel Size (watts)/Battery Size (amp-hours) 

S-Structure 130" 1 Lamp Size”” 
iFlasher Rhvthm 1 I .2!ia 1 .%a .  - - .  .  - .  .  -’ ‘, - .  . .  .  -  I  _-_- - - - -  .77a Ida 1.15a 1.9a 2.03a 3.0/3.05a 
lFL4f.41 or 
&iIij - 

1 B 1 IO/100 I IO/100 IO/100 N/A IO/100 N/A 20/l 00 35/200 
s 10/100 10/100 lO/lOO N/A IO/100 N/A 20/l 00 20/l 00 

~FL2.5(.3) B lO/lOO 1 O/l 00 IO/100 N/A 20/100 N/A 20/200 N/A 

I s I 10/100 10/100 IO/100 I --a I N/A IO/l00 I --I N/A 20/100 I ~~ ~- I N/A 
FL(2+1)6 or 1 B I l&O I IO/100 I 10/l& I N/A I 20/100 I N/A i 35/200 I 35/500 1 
FL(2)5 s 10/100 10/100 IO/100 N/A 20/100 N/A 20/l 00 35/200 
Q, FL2(6) or B lO/lOO 20/100 20/100 N/A 351200 N/A 
MO(A) s 10/100 10/100 20/100 20/100 20/200 35/200 
FL4f 1) 
Ft2:5; 1) 

s lO/loo 10/100 10/100 20/100 20/l 00 35/200 35/200 
1 S 1 IO/100 1 20/100 1 20/100 1 20/200 1 351200 1 I I I 

lso6 or iso2 S IO/100 20/100 20/100 35/200 35/200 
s 10/100 20/100 35/200 35QOO 

Fix S 20/100 35/200 35/200 
I  I  I  I  I  I  

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or getled (i.e. Deka, Sonnenschein, etc.) is 100 AH for 10 watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
“I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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1 
B-Buoy 0" 
S-Structure 30" Lamp Size* 
Flasher Rhythm x .25a 1 .55a 1 .77a 1 l.Oa 1 1.15a 1 1% I 2.03a /3.0/3.05a 
FL4t.4) or B IO/100 1 IO/100 1 lO/lOO 1 N/A i IO/100 1 N/A 1 20/100 1 35/200 

SOLAR SIZING TABLE - 91 - Lihue, HI Lat 21 .Q8N 
Tilt Angle Panel Size (watts)/Battety Size (timp-hours)* 

I 

iFI GE 6i 
. --\--I 

IFL2.51.3) 
I I .-. .-- . 

I Ii I IO/100 I 11 
I .’ 

I Isl 10/100 I IO/100 IO/100 N/A IO/100 N/A 20/l 00 35/200 
O/100 IO/100 * N/A 20/100 N/A 35/200 N/A 

I s 1 10/100 I 10/100 IO/100 N/A 1 O/l 00 N/A 20/100 N/A 
t&2+1 16 or I  1 iI 1 I  &Iii I  1 IO/&I 1 I  Ii100 I  1 

~-~- - - - - - -  

-- - 
- - .  

N/A I  1 20/100 I  1 N/A 1 35/200 .__ 1 3; 
_.. . 

FL(2)5 ' 
I # ~~~-- - j/500 

s 10/100 10/100 IO/100 N/A 20/100 N/A 351200 35/200 
Q, FL2(6) or B IO/l00 20/100 20/100 N/A 35/200 NIA 
MdA1 s 10/100 20/100 20/100 20/100 35/200 \- -r t --- -- 

FL4(1) s 10/1& IO/100 20/I 00 20/100 20/100 35/200 35/200 
FL2.5(1) s 10/100 20/100 20/l 00 35/200 35/200 
is06 or lso2 S 1 O/l 00 20/100 35/200 35/200 35/200 

S 20/100 351200 35/200 
lFiX I s I 20/100 I 351200 I I I I I I 
I- ~~ I I I I I I I I I 

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
20 watt and 300 AH for 35 watt solar panels. 
"I .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 

I Tilt Anale 
SOLAR SIZING TABLE - 92 - Guam Lat 13.55N 

Panel Sire katWBatterv Size tamMtourd* I 

. ._-..-. ---a-.---. , , - - - -~ I ~--~ I 

1 FL41.4) or 
I 

1 B I lO/lOO I lO/lOO I lo/100 I N/A 

B-Buoy 0" 
S-Structure 30” Lamp Size" 
Flasher Rhvthm .25a I .55a I .77a I Ida I 1.15a I 1.9a I 2.03a I3.013.05a 

I  ~~~--~ I  ~---- I  - - - - - -  I - - - - -  

66.6; 
I lo/100 1 N/A I 20/l 00 1 35/; ~~ too 

s 10/100 1 O/l 00 lO/lOO N/A 10/100 N/A 20/l 00 20/l 00 
FL2.5( .3) B IO/100 10/100 IO/100 N/A IO/100 N/A 20/100 N/A 

s 10/100 10/100 lO/lOO N/A IO/100 N/A 20/l 00 N/A 
i l&O 

_. .-. . 
FL(2+1)6 or 10/100 1 O/l 00 N/A 20/100 N/A 351200 35/500 
FLt2)5 s 10/100 1 O/l 00 10/100 N/A 20/100 N/A 35/200 35/200 
Q, ‘F&(6) or B lO/iOO 20/100 20000 N/A 35/200 N/A 
WA) s 10/100 10/100 20/100 20/100 35/200 3X200 
FL4(1) s lO/lOO 10/100 20/100 20/100 20/100 35/200 35/200 
FL2.5( 1) S IO/100 20/100 20/100 35/200 35/200 
lso6 or lso2 S IO/100 20/100 20/100 351200 35/200 

S 20/100 35/200 35/200 35/200 
Fix s 20/100 35/200 

I 
I I 1  

*Minimum battery size when using liquid electrolyte (i.e. Delco). Minimum battery size for absorbed 
electrolyte (Sunlyte) or gelled (i.e. Deka, Sonnenschein, etc.) is 100 AH for IO watt panel, 200 AH for 
29 watt and 300 AH for 35 watt solar panels. 
"1 .O, 1.9 and 3.0 amp lamps shall only be used in FA-240 and RL-14 range lanterns. 
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Appendix I - Sample Calculations 

Aid Name: 
talitude d Aid: 
Panel Tilt: 

Ref sita #: 
Latitude R%f Sk 
Use Aveqa Rad? 

Raltery fypa: 
Awronomy: 
rnterwl Installed: 
soft 61 install 

I BALlMORE (design ra&atWtf 
39.18 (dea$) 

{--?--I (antar ‘Y’ to saa results for awaga radiation) 

(ente? “wat”. “gal”. or “abs’f 
(days. default is IO Uayc) 

SEASOMAL ~10s 
(%I # Haurs ON OFF 

DayfNight At Start Al End 
Dwty Cycle Loads Of Of 
II a3a%f 0. N, oDerate tntwval Intervat 

Amps’ il#.$U%j WON (ii < 24) Mumbar: Number. 
3 0.894 I ;. 10 ,I: l-4 t 1 ,( ,: I +?a;” < b”‘.: 
4 I, ,, > :., 

Suggasted Array Sh% (for in&W c.xxnputati%ns): 20 Walls 
Array Sks: f---z-j (watts) lintmum SofC: 95 % 

SugQesw 331tery Size for seH-regular%c syst6m: 100 A-h 
Suggasfed Battery Site for ra uiatisd syat%m: 

f--&--j (A-h) 
150 A-n 

eerlery siz%: 

Aid Name: 
taPad% of AiC: 
Psaal .I”&: 

RefSita* 
Larituda Raf Sk 
Use Av%ragr: Rad? 

Battery Type: 
Autonomy: 
tntewal fnst3tieC: 
Safe at instsIi 

t-??---1 BALTIMORE (design radiation) 
39.18 (degf 

t?] (enter *Y* to se6 resulls for average radiation) 

(enter Qrel”. “gel”, or *abs”) 
(days, defavft Is t 0 days) 

SEASONAL AIDS 
(%) # Hours ON aw 

lZayM&Jhl At Start Al Enu 
Duty CycSe i.OX% Of Of 
fi! <too%) D, N. QJx?rate Jntesral lnrarvat 

Suggesled Array Size (for inifial computallwls): 200 watts 
Array S&a: pm--~ (WslS) MinCmum SofC: Cl? X 

Suggested Battery Sire for sBJf-raguJak?d system: ?a5 A4 
Suggasttsd Batl%ry Sire for f utatad syslam: 
Battery Size: $k-“j 

535 A-h 
(A-h) 

lntervaj 
NO Dates 

1 Jan 1-I 5 
2 Jan 16-31 
3 Feb l-14 
4 Fab 15-28 
5 Mar ?*15 
6 Mar f&W 
7 A&x 1.75 
8 Apr f630 
9 May T-15 

10 May (6-31 
If Juna I-15 
12 Juiw 16-30 
t3 July ? -1 $ 
14 July m-31 
f5 Aug i-15 
$5 Aug 15-a 
17 s%p ‘t-15 
18 ssp 16-80 
13 act l-IS 
20 Ocf 16-31 
29 NW l-15 
22 NW 16-30 
23 Dee l-15 
24 D%c t&31 

Minimum Soft2 

InwvaJ 
NQ, 

P 
2 
3 
4 
5 
6 
7 
8 
9 
10 
?l 
12 
13 
14 
15 
16 
17 
18 
ID 
20 
21 
22 
23 
24 

De185 
Jen l-15 
Jan 162.1 
F%b 1.14 
Feb 15-28 
Mars45 
Mar w-31 
Apr l-15 
Apr 16-30 
May l-15 
May fE-31 
June 7 -15 
June 16-30 
July t.15 
Jwly 96-31 
Aug l-15 
AUQ 16-31 
sap q-15 
SW 1640 
OQ t-15 
ad 96-31 
NW I-15 
NW 1690 
ikc 2-15 
Dee rs-31 

Minimum SofC: 

Max Dafiy Load * 

Wntmum 
SOfc(% ) 

85 
98 
98 
98 
$3 
98 
98 
9% 
99 
99 
99 
39 
$9 
99 
99 
99 
98 
98 
93 
38 
$8 
98 
$5 
es 

95 % 

1.8 

2,u 
1.d 

amp-hours 

amps 
amvs 

Minrmum 
sofcyn f 

91 
Qd 
94 
93 
33 
$3 
93 
93 
$3 
93 
93 
92 
93 
83 
93 
33 
93 
94 
94 
94 
94 
94 
92 
91 

91 % 

43.7 

91.7 
I 1.8 

M3XlmUm 
SofCf% j 

1OQ 
1DQ 
100 
105 
ma 
100 
100 
1OQ 
100 
100 
100 
to5 
300 
100 
?@I 
loo 
100 
100 
la4 
ID0 
100 
100 
100 
97 



A& Name: 
Latitude af Aid: 
Panel nit: 

RefS&V#: 
La&u& Ref Sla: 
l&e Avcmag5 RsU? 

(design radiation) 

(enter *wet*, “gel”, or ‘abs”) 
(days. d&&M is ‘IO days) 

SEASONAL AIDS 
&I # nours ON OFF 

DayMgt-it Al start At End 
Duty Cycle Loads Of Of 
(if ClCB?&) D, N. lntafval interval 

ASd Name: 
Lalitude of Aid: 
Paw.& Tilt: 

Ref SiIe #: 
Latitude Ref Site: 
Use Average Rad? 

BaLfefy Type: 
.‘wonmy: 
htervat InbtBlUd: 
SofC at install 

(WI~W “ws”. “$&, 01 “abs’) 
(days. d&&t 2% 10 days) 

SEASONAL AIDS 
(%tt # flours ON OFF 

lI&Mrw&t At Start At End 
Duty Cycle 
(if *i@J%) D. N, 

Suggesrec Army Ske (for roitiel compufatms). 200 wms 
Array sire: g-.-ErJ (wAI5) Minimum SofC: 88 % 

Int%W%l 
NO. 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
?2 
13 
ill 
15 
16 
17 
18 
19 
20 
2% 
22 
23 
24 

Dales 
Jan 1.15 
Jsn 16-31 
Feb 1.14 
Fe-Q 45.28 
Mar?-IS 
Mar 16-31 
Apr Vi5 
AD? 16.30 
May 1-15 
May 66-31 
June l-15 
June 16-30 
July ‘t ~16 
Jdy 16.31 
AU@ 1-15 
Aug 163f 
SEIp 745 
s%il j6-24 
66 t-15 
Ott 16-31 
NDV l-15 
Nov 76-30 
Dee 1-15 
Dee 16-31 

Minimum safe: 
Max batty Load = 
C/50 = 
Max cttsrgs Rate 7% 

Interval 
No. om3s 

? Jan l-15 
2 Jan 16.31 
3 Feb l-14 
4 Feb 15-26 
5 Mar l-15 
6 Mar 16.31 
7 Apr I-15 
8 Apr 16.30 
9 May 1-$5 

$0 May 26-31 
11 Jum? 1-W 
12 June $6-30 
$3 July q-16 
14 July f 6-31 
15 Aug l-15 
16 Aug 16-31 
17 s%p 1-15 
73 sap 16-a 
19 Qct f-f5 
20 act 16-31 
21 Nov 1-16 
22 NOV 16-30 
23 Dee 1-15 
2a Dee 16-31 

Minimum Soft2 

crso = 
Max Charge Rate = 

MtRimUm Maximum 
stiqa/, ) ScJfC(%) 

71 100 
92 100 
92 100 
32 100 
94 IQQ 
94 ID0 
34 1ilO 
95 100 
95 100 
95 lb0 
95 100 
95 100 
95 100 
$5 ma 
SS a00 
95 100 
$5 700 
44 100 
34 100 
94 100 
94 100 
93 100 
80 nw 
72 St3 

71 # 

116.1 mnQ-houta 

31.2 
so.el 

WlpS 
amPS 

Minmwn Maximum 
$Qfc(%) SOfC(% ) 

as 98 
93 too 
95 100 
95 ‘100 
$6 100 
@6 ‘100 
96 100 
$6 $00 
96 :bO 
96 100 
96 105 
97 700 
96 700 
96 200 
96 700 
36 fO0 
96 100 
96 ‘loo 
96 700 
95 900 
95 100 
95 100 
31 100 
88 36 

iun@-hours 

/-i--l 



Appendix II - Addendum for Solar Vertical Program 

The solar vertical program is used exclusively for buoys with single, dual or quad 
mounted solar panels. The program will only evaluate flat or vertically mounted 
solar panels. This program does not have an input for tilt angles and evaluation of the 
dual panel mount (15 degree tilt), tripod mount (60 degrees) and any fixed structure 
requires use of the solar design program. 

Data entry is the same as the solar design program with the exception of the panel tilt (no 
entry) and array size. The program has three suggested array sizes: Horizontal Panel, 4 
Vertical Panels and 2 Vertical Panels. The program suggests panel sizes for all three 
combinations. If 40+ is suggested, then that combination alone may not satisfy the 
design constraints of 65-70 percent minimum state of charge. If 40+ exists for all 
suggestions, then combinations of two suggestions (horizontal and vertical panels), 
doubling of the quad array (8 panels; enter 80 watts) or inclusion of a Wave Turbine 
Generator (WTG) may provide satisfactory results. 

Once the array type is chosen, enter solar panel wattage into the appropriate block. If 
more than one block is filled, then the buoy must be outfitted with both combinations 
(i.e., one horizontal panel and 4 quad mounted panels). 

The contribution by a WTG can be approximated by entering the WTG output as 0.5 amp 
“additional input amperage” in block M48 of the spreadsheet. This contribution of 12 
amp-hours per day is realistic for sites with continuous wave action. WTGs should only 
be used as a last resort to adding additional solar panels as they are costly and 
maintenance intensive. 

This program can not evaluate installation of solar panels in radar reflectors of buoys. 
Shadowing of the panel(s) by the lantern ring and adjacent walls of the reflector will 
reduce output of the array. Installation of solar panels in this area is not recommended. 



Ad Name: rExp&md t.caflon Buoy 
iatwle Of As: f (d@$g: OPTIONAL) 

bitawi 

NV 
1 

i: 
4 
3 
6 
7 
8 
9 
10 
11 
t2 
13 
14 
15 
ic 
17 
18 
19 
20 

E 
23 
24 

s@w@ 
71 
42 
73 
83 
92 
97 
97 
97 

iii 
96 
9% 
99 
98 
98 
97 
97 
97 
9-t 
97 
94 
91 
62 
n 



Ott 97 

Appendix III - Battery Acquisition and Application Data 

The following is a list of batteries recommended by COMDT (G-SEC-2) for use in solar 
powered aids to navigation. Batteries listed here have shown, through manufacturer’s 
literature, testing or field experience, to perform well in our unique environment. 
Batteries are categorized as either “qualified” or “conditionally qualified”. “Qualified” 
refers to batteries that have been tested and perform well in the field. “Conditionally 
qualified” are batteries that are new technology being evaluated, or batteries that have 
limitations placed on them. New batteries that are conditionally qualified should not be 
placed in critical aids or in aids at the outskirts of your area of responsibility. 

All batteries are 12 volts, 100 ampere-hours (nominal) and intended for use in all ‘solar 
powered minor aids, unless otherwise specified. Please call the vendors for a current 
price quote and shipping costs (if applicable). 

Delco 2000, Delco S2000 

Features: 12 volt, liquid electrolyte, lead calcium grid, maintenance-free, not sealed. 
Available from the factory in quantities of 54 (Delco 2000) or lesser quantities from local 
whalesalers (Delco S2000). 

Price $63.50 to $68.00. 
Price quoted ‘from factory is delivered to destination by truck freight. Price quoted from 
wholesaler is delivered to destination by Mobile Battery Truck (MBT). 

Status: Qualified 

Ordering Addresses : 

Factory: 

Delco Remy 
P.O. Box 2439 
Anderson, IN 460 18 
(3 17) 579-3591 

Wholesalers: 

Batteries, Inc. 
4788 Lake Mirror Place 
Forest Park, GA 30050 
(404) 361-6260 Attn: Randy Dunn 

Delcoline, Inc., 
Automotive Parts and Warehouser and Exporter 
463 1 Tanglewood Drive 

1 



Hyattsville, MD 2078 1 
(301) 864-4455 Attn: Kambiz Majidi 

Diesel Service Unit 
P.O. Box 3486 
Portland, OR 97208 
(800) 556-4998 [(800) 452-9179 in OR] Attn: Larry Clay 

GNB Sunlyte 12-5000 

Ott 97 

NT-X 

Features: 12 volt, absorbed electrolyte, lead calcium grid, maintenance free, handle, 
sealed. 

Price: $96.00 plus shipping (must be prepaid). 

Status: Conditionally qualified (not recommended in hot climates) 

Ordering address: See below. 

GNB Absolyte IIP 

Features: 2-volt, absorbed electrolyte, lead calcium grid, sealed, maintenance free, used 
in large lighthouse and range power systems. Capacities from 340 AH to 5700 AH. 

Price: $144.00 - $1585.00 per cell plus shipping (must be prepaid). 

Status: Conditionally qualified (not recommended in hot climates) 

Ordering address: 

GNB Battery Technologies 
829 Parkview Blvd. 
Lombard, IL 601483249 
(708) 629-5200 Ask for Government sales 

Exide EJ and FHGS series 

Features: 2-volt, liquid electrolyte, tubular lead calcium low antimony grid, requires 
annual watering, not sealed, used in large lighthouse and range power systems. 
Capacities from 390 AH to 2915 AH. 

Price: $307.50 to $1468.50 per cell delivered in 48 states (6 cells must be ordered, and 
1.300 specific gravity must be specified). GSA schedule pending; call for availability. 

Status: Qualified (must be used on stable platform) 

2 
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Ordering address : 

Yuasa-Exide, Inc. 
9055 Guilford Road 
Columbia, MD 2 1046- 1879 
(410) 381-8500 

Exide HC31 

Features: 12 volt, liquid electrolyte, lead calcium grid, maintenance free, handle, not 
sealed. 

Price: $54.00 plus shipping (must be prepaid). 

Status: Conditionally qualified (new vendor) 

Ordering address: (note: this is a different division and should not be confused with 
Yuasa-Exide). 

Exide Corporation 
8 17 Manufacturers Drive 
Westland, MI 48 185 
(800) 323-29 14 

Sonnenichein %yfit A 600 Solar 

Features: 2-volt, gelled electrolyte, lead calcium grid, sealed, maintenance free, used in 
large lighthouse and range power systems. Capacities from 360 AH to 3500 AH. 

Price: $144.00 - $893.00 per cell plus shipping (must be prepaid). 

Status: Conditionally qualified (new vendor in US, established in Europe) 

Ordering address: 

Exide Corporation - International Gel Product Sales 
645 Penn Street 
Reading, PA 19601 
(610) 378-0500 Peter Grimes 

Johnson Controls Dynasty GC12VlOOB 

Features: 12 volt, gelled electrolyte, lead calcium grid, handle, maintenace free, sealed, 
same as Solar Electric Specialties 12SC90B which is no longer available. 

Price: $112.00 to $150.00, depending on quantity, plus shipping (must be prepaid). 

3 
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Status: Conditionally qualified (new vendor) 

Ordering address: 

Contact COMET (G-SEC-Z) for nearest distributor 

Deka Solar 8G30H 

Features: 12 volt, gelled electrolyte, lead calcium grid, maintenance free, handle, sealed. 

Price: $140.00 plus shipping (must be prepaid). 

Status: Conditionally qualified (new vendor) 

Ordering address: 

East Penn Manufacturing Co. 
Lyon Station, PA 
(215) 682-6361 

4 



Appendix IV - Manufacturer’s Data Sheets 





UNCLASSIFIED MAR-l 0 

SOLAR PHOTOVOLTAIC ARRAY, 

FUNCTIONAL DESCRIPTION 
The photovoltaic array converts sunlight into elec- 
tricity. The current generated by the photovoltaic 
array during the day charges 12 volt storage bat- 
teries which power the Aid to Navigation at night. 
The 12 volt DC electrical load consists of a CG-181 
flasher and a CG-GP lampchanger. 

RELATION TO OTHER EQUIPMENT 
The photovoltaic array and secondary batteries 
replace primary batteries. Each photovoltaic array 
is equipped with a blocking diode. 

EQUIPMENT REQUIRED BUT NOT 
SUPPLIED 
CG-181 flasher with 12 VDC switching voltage 
regulator 
CGdP lampchanger 
Marine signal lamps of appropriate rating 
12 volt secondary batteries 

MECHANICAL CHARACTERISTICS 
Installation locations 
Suoys, Structures 
U.S.C.G. support hardware is needed to mount the 
photovoltaic array to the Aid to Navigation. 
Mounting Dimension 
16.0 in. x 16.0 in. x 1.4 in. 
(40.7 cm x 40.7 cm x 3.6 cm). 
12 ft. of factory installed cable supplied 

DESCRIPTION OF COAST GU 

1 

50 
(1.27) 

MAR-1 0 

’ 7/w (1.12) 
DIA. MTG. HOLE TYPICAL 

IARD ELECTRONIC EQUIPMENT 

UNCLASSIFIED 

233-70.1500-35 REV B 



UNCLASSIFIED MAR-1 0 
ELECTRICAL CHARACTERISTICS 

MAR-10 MAR-10 
PERFORMANCE AT PERFORMANCE AT 

VARIOUS TEMPERAT 
Y 

RES VARIOUS LIGHT INTENSITIES 
AT AM 1.5 (1 kwlm ) AT 25% CELL TEMP. 

s 0.75 60-C 
2 40’C 
5 25% 
g 0.5 10-c 
s 
5 

0% 

v 0.25 

VOLTAGE (W VOLTAGE (VI 

Variance of electrical characteristics with ambient 
temperature for array 
voltage increases by 71 .O mv/“C below 25 ‘C 

REFERENCE DATA AND LITERATURE 
Engineering drawing # 015773 
Ocean Engineering Specification G-EOE-401 

decreases by 71 .O mv/“C above 25 ‘C 
current increases by 0.49maI “C above 25 “C 

MANUFACTURER&DATA 
decreases by 0.49maI’C below 25% Siemens Solar Industries 

4650 Adohr Lane 

MAR 10’ Camarillo, CA 93012 

-02 -01 
Power Specifications TYPE A TYPE S 

solar photovoltaic array MAR-10 
-- Contract DTCG36-90-D-00002 

Power (typical + 10%) 10 Watts 10 Watts NSN No. 5999-01-145-7152 
Current (typical @ load) 0.80 Amps 0.78 Amps 
Voltage (typical @ load) 13.3 Volts 13.3 Volts 
Short Circuit Current (typical) 0.85 Amps 0.82 Amps 
Open Circuit Voltage (typical) 16.9 Volts 16.9 Volts 

ACTIVE COMPONENT COMP,LEMENT 
Twenty-nine (29) single crystal silicon solar cells, 

1.00 in. x 4.05 in. (2.54 cm x 10.29 cm) 

EQUIPMENT SUPPLIED 
OVERALL DIMENSIONS: VOLUME WEIGHT 

cu. ft. POUNDS 
OUANTITY NOMENCLATURE HEIGHT 

1 NCf+~;T~mJ 
DEPTH (4 (Kg) 

1 Solar photovoltaic 16.0 16.0 5.86 
array MAR-1 0 (46.7) (46.7) (CFii, (2-W 

I -_ . I. 
SHIPPING DATA 

< 
OVERALL DIMENSIONS: VOLUME WEIGHT 

SHIPPING INCHES (cm) cu. ft. POUNDS 
BOX NO. CONTENTS HEIGHT WIDTH DEPTH (ma) (Kg) 

1 Solar photovoltaic 
P 

array MAR-10 (4i.985) (4G5) (its) (oqb82, (3%) :- 

DESCRIPTION OF COAST GUARD ELECTRONIC EQUIPMENT 
2 UNCLASSIFI’ED 

l -61 DESIGNATES CIRCUIT MADE WITH END PIECES OF CELLS 
-62 DESIGNATES CIRCUIT MADE WITH CENTER PIECES OF CELLS 



UNCLASSIFIED MAR-20 

SOLAR PHOTOVOLTAIC ARRAY, 

FUNCTIONAL DESCRIPTION 
The photovoltaic array converts sunlight into elec- 
tricity. The current generated by the photovoltaic array 
during the day charges 12 volt storage batteries which 
power the Aid to Navigation at night. The 12 volt DC 
electrical load consists of a CG-781 flasher and a CG- 
6P lampchanger. 

RELATION TO OTHER EQUIPMENT 
The photovoltaic array and secondary batteries replace 
primary batteries. Each photovoltaic array is equipped 
with a blocking diode. 

EQUIPMENT REQUIRED BUT NOT 
SUPPLIED 
CG-181 flasher with 12 VDC switching voltage 
regulator 
CG-6P lampchanger 
Marine signal lamps of appropriate rating 
12 volt secondary batteries 

MECHANICAL CHARACTERISTICS 
installation locations 
Buoys, Structures 
U.S.C.G. support hardware is needed to mount the 
photovoltaic array to the Aid to Navigation. 
Mounting Dimension 
22.0 in. x 22.0 in. x 1.4 in. 
(55.9 cm x 55.9 cm x 36 cm) 
6 ft. of factory installed cable supplied 

MAR=20 

22.00 
(55.90) 

- -G%-r- 
10.50 

50 

I (26.67) 
-, (l.f7) 

1x1 1x1 1x1 n 

7116” il.12) 
ofi. . . 

DIA. MTG. HOLE TYPICAL 

DESCRIPTION OF COAST GUARD ELECTRONIC EQUIPMENT 

1 UNCLASSIFIED 



UNCLASSIFIED MAR-20 
ELECTRICAL CHARACTERISTICS 

MAR-20 MAR-20 
PERFORMANCE AT PERFORMANCE AT 

VARIOUS TEMPERATURES VARIOUS LIGHT INTENSITIES 
AT AM 1.5 (1 kwim2) AT 25 “C CELL TEMP. 

2 2 

1.5 

s 
6O’C s I5 

40-c 2 

z 25°C 
1 2 7 

!I 10°C is 
2 0°C 2 

2 .5 s 

0 
0 5 

0 
10 15 20 0 5 10 i5 20 

VOLTAGE (‘0 VOLTAGE (V) 

Variance of electrical characteristics with ambient REFERENCE DATA AND LITERATURE 
temperature for array Engineering drawing # 015770 

voltage increases by 79.8 mvl’C below 25°C Ocean Engineering Specification G-EOE-401 

decreases by 79.8 mvl”C above 25% 

current increases by 1.03 maK above 25°C MANUFACTURER’S DATA 

decreases by 1.03 maK below 25°C ARC0 Solar, Inc. 
9351 Deering Avenue 
Chatsworth, CA 91311 

Power Specifications MAR 35 solar photovoltaic array MAR-20 

20 watis 
Contract 

Power (typical -+ 10%) NSN No. 5999-01-145-7153 
Current (typical @ load) 1.51 Amps 

Voltage (typical @ load) 13.3 Volts ACTIVE COMPONENT COMPLEMENT 
Short Circuit Current (typical) 1.60 Amps Twenty-nine (29) single crystal silicon solar cells, 

,Dpen Circuit Voltage (typical) 16.9 Volts 2.03 in. x 4.05 in. (5.15 cm.x 10.29 cm) 
/. *. I1. ,. .I *eA 

.;. “,,:: ;*,:I ; - I -:: ,* ; :.I j ’ . .,,. .,; ‘. ! ., ., : ..I .~. L “~. ~ .liS.Y. x ,^,,,. 

EQUiPMENT SUPPLIED 
OVERALL DIMENSIONS: VOLUME WEIGHT 

INCHES (cm) cu. ft. POUNDS 
QUANTITY NOMENCLATURE HEIGHT WIDTH DEPTH (m3) (Kg) 

1 Solar photovoltaic 22.0 22.0 1.4 12.0 
array MAR-20 (55.9) (55.9) (3.6) (cz) (5.44) 

4 

SHIPPING DATA 
. 

OVERALL DIMENSIONS: VOLUME WEIGHT 
SHIPPING INCHES (cm) cu. ft. POUNDS 

BOX NO. CONTENTS HEIGHT WIDTH DEPTH (m3) (Kg) 

1 Solar photovoltaic 23.5 23.5 4.1 1.32 16.0 
array MAR-20 (76.52) (76.52) ’ (10.48) (0.04) (7.24) 

, 

DESCRIPTION 6F COAST GUARD ELECTiOkC EQhbkNT _ 

2 UNCLASSIFIED 



- . 

UNCLASSIFIED MAR-35 
. . 

;* * - . . __ _-- - -. 

. 

- . 

MAR-35 SOLAR PHOTOVOLTAIC ARRAY, 

FUNCTIONAL DESCRIPTION 
The photovoltaic array converts sunlight into elect- 
tricity. The current generated by the photovoltaic 28.00 

array during the day charges 12 volt storage bat- .50 
teries which power the Aid to Navigation at night. (1.27) 

The 12 volt DC electrical load consists of a CG-181 
flasher and a CG-6P lampchanger. 

RELATION TO OTHER. EQUIPMENT 
The photovoltaic array and secondary batteries 
replace primary batteries. Each photovoltaic array 
is equipped with a blocking diode. 

EQUIPMENT REQUIRED BUT NOT 
SUPPLIED 
CG-181 flasher with 12 VDC switching voltage 
regulator 
CG-6P lampchanger 
Marine signal lamps of appropriate rating 
12 volt secondary batteries 

I I.!, I. I 
i . “‘!A : 

-~7,16- (1.12) 
. ,z: . - Y-.-.--Y 

DIA. MTG. HOLE TYPICAL 

MECHANICAL CHARACTERISTICS 
Installation locations 
Buoys, Structures 
U.S.C.G. support hardware is needed to mount the 
photovoltaic array to the Aid to Navigation. 
Mounting Dimension 
28.0 in. x 28.0 in. x 1.4 in. 
(71.12 cm x 71.12 cm x 36 cm) 
12 ft. of factory installed cable supplied 

DESCRIPTION OF COAST GUARD ELECTRONIC EQUIPMENT 

1 ’ UNCLASSIFIED 

233-701500-37 REV 0 



UNCLASSIFIED 
ELECTRICAL CHARACTERISTICS 

MAR-35 
PERFORMANCE AT 

VARIOUS TEMPERATURES 
AT AM 1.5 (1 kw/m2) 

3 I 

2.5 I 
-1 

I \ \\h 
n\ 

VOLTAGE (V) 

MAR-35 

MAR-35 
PERFORMANCE AT 

VARIOUS LIGHT INTENSITIES 
AT 25°C CELL TEMP. 

3 

1000 W/m2 
2.5 

600 
- 

Ol I I n \v( I 
0 5 10 15 20 

VOLTAGE (V) 

Variance of electrical characteristics with ambient REFERENCE DATA AND LITERATURE 
temperature for array Engineering drawing #015774 
voltaae increases bv 71 .O mv/“C below 25°C Ocean Engineering Specification G-EOEL401 

decreases by 7 1 .O mvl “C above 25°C 

current increases by 1.88 ma/% above 25 “C 
MANUFACTURER’S bATA 

decreases by 1.88 ma/ “C below 25°C Siemens Solar industries 
4650 Adohr Lane 
Camarillo, CA 93012 

Power Specifications MAR 35 
Power (typical r 10%) 35 Watts 
Current (typical @ load) 2.64 Amps 

solar photovoltaic array MAR-35 
Contract DTCG36-90-D-00002 
NSN No. 5999-01-148-7879 

Voltage (typical @ load) 13.3 Volts ACTIVE COMPONENT COMPLEMENT 
Short Circuit Current (typical) 2.80 Amps Twenty-nine (29) single crystal silicon solar cells, 
Open Circuit Voltage (typical) 16.9 Volts 4.05 in. x 4.05 in. (10.29 cm x 10.29 cm) 

EQUIPMENT SUPPLIED 

OVERALL DIMENSIONS: VOLUME WEIGHT 
INCHES (cm) cu. ft. POUNDS 

QUANTITY NOMENCLATURE HEIGHT WIDTH DEPTH (m3) (Kg) 

1 Solar photovoltaic 28.0 28.0 17.9 
array MAR-35 (71.12) (71.12) (i!& (0%) (8.12) 

SHIPPING DATA 
OVERALL DIMENSIONS: VOLUME WEIGHT 

SHIPPING INCHES (cm) cu. ft. POUNDS 
BOX NO. CONTENTS HEIGHT WIDTH DEPTH O-n31 (Kg) 

1 Solar photovoltaic 31 .o 31 .o 
array MAR-35 (79.71) (79.71) (kz3) (o-77, 

21.0 
(12.55) 

DESCRIPTION OF COAST GUARD ELECTRONIC EQUIPMENT 

2 UNCLASSIFIED 



Self regulating solar electric module 

3 ATE 3 ? r ‘:I d e, E 73 33 ‘WATTS 
With 30 cells in series, :he high 

efficiency Siemens M65 is a 43 watt 
self reguiating solar electric module. 
Self regulation e!iminates the need 
for separate charge control devices, 
resulting in a sample. reiiable and 
economical power generating system. 

- The M65 module regulates its 
electrical output to the needs of the 
battery. As the battery approaches full 
charge. it decreases its typical current 
charging rate of nearly 3 amps to less 
than a 112 amp. 

Utilizing the highest standard of 
construction, the M65 module is able 

to withstand some of the harshest 
environments in the world and continue 
to perform efficiently. 

Siemens solar electric modules 
are tested to meet or exceed industry 
standards, and even more rigorous 
Siemens quality and performance 
requirements. 
:3 YE93 WAP.8ANT.Y 

The Siemens M65 solar electric 
module carries a lo-year limited 
warranty on power output and is listed’ 
m by Underwriters Laboratories 
w- (UL). an independent. not 
for profit organization. testing for 
pubiic safety. 

I 

I Siemens solar electric 
/ module features: 
I 
I I n Silent operation 
/ n Sunlight as fuel 
( m High power density 
’ m Easy installation 

l Rugged, durable construction 
m Simple, reliable operation 
m Easy to expand systems 
l Low maintenance 

I m No moving parts to wear out 
/ m No environmental pollutants 



m Self regulating solar electric module 

FEATURES 

Large, high efficiency single crystal 
solar cells provide the highest light to 
energy conversion efficiency available 
from Siemens. 

Cells are textured and have an anti- 
reflection coating. 

Multiple redundant contacts provide a 
high degree of fault tolerance and circuit 
reliability. 

Cells within a module are electrically 
matched for increased efficiency. 

Circuit is laminated between layers of 
ethylene vinyl acetate (EVA) for moisture 
resistance, UV stability 
and electrical isolation. 

Low iron tempered 
glass front for 
strength and superior 
light transmission. 

Rugged anodized 
aluminum frame is 
designed for 
exceptional strength. 

Side rails with multiple 
mounting holes for easy installation 

Tough, multi-layered polymer backsheet is 
used for environmental protection, resist- 
ance to abrasion, tears and punctures. 

5 , 
Two junction 
covers with lids 
are designed for 
easy field wiring, 
safety and 
environmental 
protection. 
Wired-in bypass 
diodes reduce 
potential loss of 

power from partial arrayshading. 

Siemens Solar industries 
P.O. Box 6032, Camarillo. CA 93011 

SPECIFICATIONS CHARACTERISTICS 

Rated Power 

Current (twical at load) 
43 Watts 

2.95 Amps 
4 

3 

2 

1 

0 
0 2 4 6 6 10 12 14 16 16 20 22 

Voltage (typical at load) 14.6 Volts . _. . ., .( 
Short Circuit Current (typical) 3.3 Amps 
Open Circuit Voltage (typical) 18.0 Volts 

Power speclftcations are at standard test 
conditions of: 1000 W/M2 solar irradiance. 25°C 
cell temperature and solar spectral irradiance 
per ASTM E892 

Weight 10.5 lb14.8 kg 
^... 

-13”/330mm--j H 

1 4”:36mm 

. 

I?- 
1 

11.3”/- 
287mm 

26”16.6mm 
(diameter) ” 

VOLTS 

The IV curve (current vs. voltage) above 
demonstrates typical power response to 
various light levels at 25°C and a 47°C 
cell temperature. 

n Minimum power upon final factory 
inspection is within 10% of rated power. 

m Module leakage current of less than 
50pA at 3000 VDC. 

n Normal operating cell temperature 
(NOCT) as defined by ASTM E 1036 
is 42°C +/-2°C. 

n Laboratory tested for wide range of 
operating conditions ( - 40°C to 90°C. 
0 to 85% humidity). 

n Passes Salt Fog Test per 
Mil-Standard 810. 

m Passes complete environmental 
requirements of JPL Specification 
No. 5101-61 (Block V). 

m External grounding screw for 
electrical safety. 

n Ground continuity of less than 1 ohm 
for all metallic surfaces. 

l Ten-year limited warranty on 
power output.” 

H-l---% / ‘. 

n UL Listed. (Per UL 1703). 

Charis are for estimating purposes only. 
L5l-??i 

Specifications subject i0 change without notice. 

‘Complete warranty and installation :nformatlon is 
included in the module package or is available 
from Siemens or your Siemens Solar dealer prior 

Telephone: (805) 482-6800 FAX: (805) 388-6395 to purchase. 

B1990 Semens Solar Industries. 111-700016-78 Rev. A (2173) PrInted iii USA 7:90 



High efficiency solar electric module 
(Used to charge emergency Nicad batteries at solar power lighthouses) 

RATED POWE.‘( 48 WATTS 
The Siemens M75 is a 48 watt solar 

electric module with 33 high efficiency 
single crystal solar cells in series. It 
represents the optimum module 
configuration for battery charging in all 
but the very hottest of climates. 

Maintaining the quality, features _ 
and construction that are industry 
standards. the M75 solar module can 
wlthstand some of the world’s harshest 
environments and continue to perform 
efficiently. It is an efficient. reliable and 
durable power module. suitable for a 
wide variety of applications. 

Siemens solar electric modules 
are tested to meet or exceed industry 
standards, and even more rigorous 
Siemens quality and performance 
requirements. 
10 YEAR WARRANTY 

Designed for easy installation, the 
Siemens M75 solar module is sold with 
comprehensive installation and operat- 
ing instructions. It carries a IO-year 
limited warranty on power output and 

0 Ul 
is listed by Underwriters 

2, Laboratories (UL), an 
indepedent, not for profit organization, 
testing for public safety. 

Siemens solar electric 
module features: 

l Silent operation 
= Sunlight as fuel 
m High power density 
m Easy installation 
m Rugged, durable construction 
m Simple, reliable operation 
m Easy to expand systems 
m Low maintenance 
m No moving parts to wear out 
l No environmental pollutants 



High efficiency solar electric module 

Large. high efficiency single crystal 
solar ceils provide the highest light to 
energy conversion efficiency available 
from Siemens. 

Cells are textured and have an anti- 
reflection coating. 

Multiple redundant contacts provide a 
high degree of fault tolerance and circuil 
reliability. 

Cells within a module are electrically- 
matched for increased efficiency. 

Circuit is laminated between layers of 
ethylene vinyl acetate (EVA) for moisture 
resistance. UV stability 
and electrical isolation. 

Low iron tempered 
glass front for 
strength and superior 
light transmission. 

Rugged anodized 
aluminum frame is 
designed for 
exceptional strength 

Side rails with rndltiple 
mounting holes for easy installation. 

Tough, multi-layered polymer backsheet is 
used for environmental protection. resist- 
ance to abrasion. tears and punctures. 

Two junction 
covers with lids 
are designed for 
easy field wlnng, 
safety and 
environmental 
protection. 

_ 
Wired-in bypass 
diodes reduce 
potential loss of 

power from partial array+hading. 

Siemens Solar Industries 
PO. Box 6032. Carrarlllo. CA 93011 

SPECIFICATIONS CHARACTERISTiCS 

Rated Power 48 Watts AMPS 

Current (typical at load) 3.02 Amps 

Voltage (typical at load) 15.9 Volts 

Short Circuit Current (typicalj 3.4 Amps 

Open Circuit Voltaae (tvoical) 19.8 Volts 

Power specifica;ions are at standard test 
co,nditions of 1000 W:M* solar irradiance. 2X 
cell temperature and solar spectral irradlance 
per ASTM E892 

Weiaht 11.6 lbi5.2 ka 

I- i3”/330mm - 
1 4”: 

Ii 
36r 

d 
_ 71.3”’ _ 

287mm 

‘6.6mm 
meter) 

0 2 4 6 8 10 12 14 16 la 20 22 
VOLTS 

The IV curve (current vs. voltage) above 
demonstrates typical power response IO 
various light levels at 25°C and a 47°C 
ce!l temoerature. 

n Mlnimum power upon final factory 
inspection is within 10% of rated power. 

= Module leakage current of less than 
50~A at 3000 VDC. 

n Normal operating cell temperature 
(NOCT) as defined by ASTM E 1036 
is 42°C i I - 2°C. 

m Laboratory tested for wlde.range of 
operating conditions (-40°C to 9O”C, 
0 to 85% humidity). 

n Passes Sali Fog Test per 
Mil-Standard 810. 

m Passes complete environmental 
requirements of JPL Specification 
No. 5101-61 (Block V). 

n External grounding screw for 
electrical safety. 

n Ground continuity of less than 1 ohm 
for all metallic surfaces. 

n Ten-year limited warranty on 
power output.’ 

m UL Listed. (Per UL 1703). 

Charts are for estmaiing ourposes only 
Specifications subject :o change Lvlthout nC:lCe 

‘Complete warranty and trxialla:lcn :nformaiion is 
rncluded in the module package or IS available 
from Semens or your Stemens Solar dealer prior 

Telephone: (805’) 482-6800 FAX: (805) 388-6395 to purchase. 
01990 Semens Solar Industries. ill-7000!6-79 Rev. A (2174) Pr’nted IP USA 7’90 



m!!& Standard Ground Mount 

Siemens Standard Ground Mounts 
are available in two sizes: Model 

Standard Ground Mounts are built to 
withstand wind speeds of up to 125 

accordance with architectural specifi- 
cation MIL A 8625 Type 2 Class 1 with 

SGM-4 for 2 to 4 module systems and 
Model SGM-8 for up to 8 module 
systems. 

Easy to install. Both models 
consist of two parallel channels with 
adjustable support legs and feet. 
IPackaged with detailed installation 
instructions and all necessary mount- 
ing hardware.) . 

Rugged. Engineered for excep- 
tional structural strength, Siemens 

miles per hour. nickel acetate seal. 
Lightweight. Channels and sup- 

port legs are fabricated from extruded 
Type 6061-T6 aluminum alloy; mount- 
ing feet are made of galvanized steel. 

Environmentally sound. Built to 
withstand environmental forces includ- 
ing wind, rain, snow, ice, blowing sand 
and solar radiation. 

Durable. Materials have been 
chosen for their durability and com- 
patibility with other materials in 
the array. 

Corrosion resistant. Channels 
and support iegs’are anodized in 

Flexible. Designed for optimum 
flexibility in tilt angles (angle fromjhe 
horizontal plane to the back of the 
modules). Siemens Standard Ground 
Mounts are adjustable in nominal 5” 
increments from 15” to 65”. 



m Standard Ground Mount 

TYPICAL ASSEMBLY PLAN VIEW - FOOTPRINT DETAIL 

Intended for installation on prepared footings at 

ground level, Siemens Standard Ground Mounts 
are sold with detailed installation instructions 
and include all structure components and 
necessary hardware to mount the structure to 
the foundation. (The foundation and associated 
hardware are the responsibility of the user.) 

Modules shown for reference only 

The Siemens worldwide distribution network 
can provide additional technical information in 
installing a photovoltaic system. 

TILT ANGLE 

Side view of structure shown at 45” tilt 

PACKING DIMENSIONS 

Length 

Width 

Depth 

44lodule &Module 
Mount Mount 

71%” / 181.9 cm 1237/a” 1314.6 cm 

5%” I 13.3 cm 51/411/13.3cm 
.._ ._ 

4%” I 1 1 .4 cm 
4i,2,, , ,,,4 cm -; -- - -. I. 

. ..^ 

TILT ANGLE TABULATION 
- 1  I . ”  

FOUNbATlON LOCATION 1 
NOM 
TILT 

L A C ** 

ANGLE 8 Module 4 Module 8 Module 4 Module B** [ M55 j M65 / M75 , 
15” 1 28” 1 26” / 96” 1 68” j 29” 1 24” 1 15%” j 21” / 

‘*Common to both 4 & 8 module structures 

,, 
. ., ,,.. _ ._, 

Weight 33 lbs. 115.0 kg 45 lb. 120.4 kg .’ . ‘- ‘_ 
._.-_-. I..j” __ _. , (, 

.a_, I,, _ ,. __” . <. *. . ...*. A. * ‘. a._ i.~. / ‘,, ..,_., /: , .r I ;> .1 ., ii.. ~- 

Siemens Solar Industries 
P.0. Box 6032, Camarillo. CA 93011 
Telephone: (805) 482-6800 FAX: (805) 388-6395 

Charts are for estirnatlng purposes only. Speclficarions are subject !O change without notice. 

Complete installation information is include0 in the package or is available from Siemens or YOLK 
Siemens Solar dealer prior to purchase. 

a1990 Stemens Solar Industries. l:l-700016.84 Rev. A (2179) Printed in USA 8190 
A 
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100 AH at 100 Hour Rate 

INNOVATWE FEATURES 
Sealed 

* Never requires watering 
* Spillproof and leak proof 
* Explosion resistant 
l Horizontal or vertical operation 
* No gases escape under normai charging 
l Operates at tow internal pressure 
l increased operating safety 

Immobilized Electrofyte 
l Extended partial state of charge operation 

(at reduced capacities) 
* Freezing tolerant 
l ~i~~rni~ed need for equalization 

Proprietary MFX Alloy 
* Deep cycfe capability 
* Long tife 
l Low se&discharge rate 

Container and Cover - Reinforced polypropylene Chargr~t Voltage - 2.25-2.35 VPC Q 25°C (77°F) 
Separators - Spun glass, microporous matrix (35 amp max. current) 
Safety Vent - 4 PSI nominal, self resealing Positive Plate - Patented MfX alloy 
Self-Discharge - 0.5-I .O% per week Negative Plate - Lead tin 
Terminals - Heavy duty copper Estimated Cycle Life - 

(8 hour rate to 1.75 VPC 8 25°C (77”F)f 
300 cycles @ 80% DUD 
6UO cycles Q 50% DUD 

1 ,OQO cycles Q 20% DOD 

PHYSICAL CHARACTERBTHX 

%2-5000X 12.07 j 307 I i 6.87 j 175 1 8.69 j 221 59 I 27 j 

ELECTRlCAL PERFORMANCE 



ular Stationary Batteries 

n 

n 

e 

n 

n 

cl 
q 
cl 

TUBULAR PUSlTtVE PLATES- 
El For Outstanding Cycling Capability 
Kl Up to 3500 20% Discharges Availabie 
tl Active Materials Locked InsideTubes 
CALCfUM NEGATIVE PLATES- 
0 Minimum Self Discharge 
q Reduced Water Loss 
III Lower Maintenance 
TRANSPARENT JARS- 
Cr For Ease Of Maintenance 
q Checking Electrolyte Level 
0 Checking Sediment Conditian 
q Observing Plate/Separator Csnditian 
SIZES 390 A.H.-2915 A.H. 

ELI,MlNATES PARALLELlNG STRINGS 
LONG LIFE-UP TO 22 YEARS WITH 

1% DAILY DEPTH QF DISCHARGE 
FLAME ARRESTORS STANDARD 
DOUBLE BURN PLATE LUGS 
MACHINED POST COMPRESSION 

POST SEALS 

Applications (3 Days to 21 Days) 

D SHALLOW CYCLE PHOTOVOLTA& 
D Microwave 
0 Rail Signal 
III Cathodic Protection 
0 Cdmmunications 

D SHALLOW CYCLE WIND 
El Microwave 
123 Communications 

Kl AVAILASLE * Charged and Wet 
e Dry Charged 



1 TYPE’ ! AH. CAT. I 
I I CAP, NO. ; LENGTH i MiDTtf 

s 

I 

I 

L. 

1.300 SP, GR. 

i 

368 ; 22.7 
I 

i 

mater&i through thousands CZ? ttny opentngs. 

SPEClAL LEAD-OXIDE BLEND pAcc$ 
MAXIMUM POWER PER CtjljCE fX 
ACTiVE MATERIAL 
YHIS MEANS GREATER CYCLING 
CAPACITY IN LESS SPACE. 

Electrolyte has free access to the active . . . 

. 

TUBULAR POSITIVE PLATE 
CUNSTRUCTlON 

PLATE DIMENSIONS- 

HEIGHT WIDTH THICKNESS 

POSITIVE: El--10.9 !n:277 mm 9.2 1n/234 mm 0.35 it?%.9 mm 
FF-$G&--14.4 lni365 mm 72.1 !n/3C7 mm C.35 in3.9 mm 

NEGATIVE: Et-l 1.4 in/290 mm 9.4 irl,‘Z39 mm 0 24 ir&l mm 
FHGS-14.4 in/366 mm 12.1 in:307 mm 0,!9 ini4.8.mm 

SEOIMENT SPACE: 1 .O inQ5.4 mm 

ELECTROLYTE OVER PI@ES: WC+--Z~~ in;?! rf~“. I ,,_ ., 
El-2.7 ini’ mm 

CQNTAINER: Styrene Acrylonitriie Copotymer 

COVER: Styrene Butadrene 

SEPARATORS: Microporous rubber 

PUST TYPE: Et- Single, FHGS-DouSJe 

POST SEAL TYPE: W-Machined Post Radial Compression 
{Post Lock*“). 
FHGS-Machined Post Axial Compression 

PLATE SUSPENSfON TYPE: 
Posrtive: El--Brrdge Hcing, FHGS-Ledge Hung 
Nega!ive: El-Bottom %wxx%ed, FHGS--tedge Hung 

VENT TYPE: flame arrestor. fused alumina -_,_ 

SPECXFIC GRAVITY: 1.300 

BOLT CONNECTORS: Stainless steel. Standard English measure 
hex-head 

INTERCELL CONNECTORB kid-pltrted copper 



Ironclad-Tu 

PLATE DIMENSIONS- 

HEi@-G WIDTH TM.;CKNE$S 
PUSITIVE, 10 9 k/277 ‘*tm 9.2 in:‘23;: nrc 0.35 q?!‘fj 9 mm 
NEGATIVE: : 1 d :n.;2$30 w-r? g.4 II?:239 mT; 0 24 :sJ$ ! mm 

SED3MENT SPACE: 0.75 in/:9 1 mm 
ELECTROLYTE OVER PLATES: 2 : =i53,3 nm 
CONTAINER: Styrene Acrylan~trile Copo&v~~r 
COVER: Styrene Butadsene 
SEPARATORS: Microporous rubber 
POST TYPE: m-5 !hW 13-sinpk post witR cop@?? :nsm 

EJ-7 5 thru 21 ---double posts w@h Cooper inserts. 
POST SEAL TYPE: ?ost-LOCP Seal’” 

PLATE SUSPENSION TYPE- 
POSITIVE: Bridge hunt 
NEGATWE: 30ttorr: supported 

VENT TYPE: Flame arreslor, fxed alumina 
FLOAT VOLYAGE- 

ACCEPTABLE RANGE. 2,f 5-2.22 UPC 
RECUM~ENDED~ 2.20 ‘PC 
SPECIFIC GRAVITY: 1.21 5 (1 7 70 trogica:, available On requer;tj 
BOLT CONNECTORS: Stainiess steer, standard English meast;re 
‘Iex-head 

INTERCELL CONNECTOf%: Lead-pialec cwper 



Capacities -Dimensions-Weights f--Y 

TYPE A.H. 1 LENGTH 1 WIDTH 1 HEIGHT 1 WEIGHT 
in I in I in 1 Ibs 

10.8 18.2 

I  I  

FHGS-15 I 1365 I 7.5 1 14.5 t 22.7 1 191 

ELECTR 4 VOLUME 







C0mpietely maintenance-free, sealed 
VRtA batreries (Valve Regtjlated 

hod-Acid) in &$I: techrroiogy: 

dryfit A SOQ ;chr bcifteries are 
designed for medim to iorge 

power requirem,enisS Typical appii- 

cations in&de: Solar and wind- 
driven power plants, power supply 
utilities, postal applications, solcar 

siafions, radio telecommunicatiore., 
railway operations. 



Type 

NO. 

Type 

^ ,, . ,~,,~. ,.;:;;,T” ‘y.“.:“,:; > “ ”  11. ,; I,..,.” * ..I .:.,.a ,*w-> I~~,.;.a.*.^. ,,_ *hi.. “.‘,.I. I*.\-~,% ..y:” ..**.&~ii,-~r“ _.,, < ,.,, 

Nominal Discharge length Width Height Height I”Sdlea^’ ’ P&i - Weight 

capacity current II) M (hl) (h21 length pairs with elec- 

(C l4 (1 101 ma*. max. max. max. &I trolyte 

Ah A in mm in mm in mm in mm in mm in kg 

m 
G 

2.0 
-20 -10 0 +lO +20 +30 +40 +50 

Temperature in "C 
,. .._‘ -.,~.i~II' -~.lli,<*~,: 

For continuous charging 2,28 _ 2.32 V per cell is recommended at 20 “C. 
The charging voltage must be compensated according to the curve for continu- 
ously different battery ambient temperature. 

‘ . . .  , . . . .  C.^-,r l , ,  

100 \ 

‘c) 40 
m 

s 30 - 
:! 

T-i 20 
w 1000 2000 3000 4000 5000 

Dimensions and connections 

1 

Types 

4 OPzV 240 

. ; .  -a.*- “ “ . A . “ ”  , . . . , i  .  .Lm*-~,.,, ,” ,  , , , ,  i I  

Capacity Cl - Cm 

Cl C3 CS Cl0 ClW 

l.WVPC 1.75 VPC 1.77VPC 1.80,VPC 1.85VPC 

108 151 s .-175 200 1-' 240 

5 oPzv3oo 135 189 219 250 300 

6OPzV360 162 227 263 300 360 
50Pzv400 180 252 292 350 400 

6 OPzV 500 225 315 365 420 600 

7 OPzV 600 270 376 438. 490 600 

6 OPzV 720 324 454 526 600 720 
8 OPzV 960 432 605 701 800 960 

10 OPzV1200 640 756 876 1000 1200 

120Fzv1400 630 882 1022 1200 1400 

12OPzVT700 765 1071 1241 1500 17DO 

160PA'2300 1035 1449 1679 2000 2300 

200Pzv2900 1305 1827 2117 2500 woo 

24 OPzV 3500 1575 2205 2555 3000 3540 
,. .." ,.I .A 

7 

h: 

Endurance in cycles according to IEC 896 52 

No. of cycles 
~. ,.~ .,.," _.._, __ 



The PHOTOVOLTAiC POWER GON- 
TROL (PPC150) is a versatile, indus- 
trial quality controller for the efficient 
use of photovoitaic energy and the 
protection of expensive batteries. It is 
available for 12, 24, 36 and 4% volt 
negative ground systems. Models are 
avaifable for 50 amps of charge 
current. 

The PPCJ50 consists of a series-relay 
battery charge regulator with low-volt- 
age Soad disconnect, battery, array 
and load circuit breakers, system 
status lights and digital metering. The 
Sights indicate “CHARCYNC” and 
“LOW-VOLTAGE LOAD DISCON- 
NECT conditions and the digital 
meter monitors battery vo Eage, 
charging and load current, A provision 
is made for monitoring an etiernaf 
shunt, The PPCYSO is housed in a 
sealed indoor enctosure and has a 
terminal block for up to 6 gauge wire. 

FEAWRES 
CHARGE REGULATlON 
e 50 amp charge current, 12, 24, 36 or 

48 volt 
c Two-step, series charging,‘72,24 v 
* Single step, series charging, 36,46 v 
* Adjustable charging set-points 
* Plug-in temperature compensation 

LOW-VOLTAGE LOAD 
DlSCONNECf [LVD) 

* 30 amp LVD, 12 volt 
* 20 amp LVD, 24 volt 
e 15 amp LVD, 36 and 48 voft 
* Adjustable disconnect set-points 
I, Manual override switch 

OESIGN FEATURES 
Maximum array usage 
Over-current protection and manual 

disconnects - battery, array and 
load circuit breakers 

Reverse polarity protection 
Reverse leakage protection 
Lightnicg protection 
Input noise suppression 
Remote battery voltage sense 

MONITORING 
* Digital volt / amp meter 
e External shunt metering 
+ Charging light 
l load disconnecte$! light 

MOUNTING 
q tndoor wall mount enclosure 
+ Outdoor enclosure (optional) 

OPERATION 02,214 voft units1 
Note: The operation of the 36 or 48 
volt unit is identical with the exception 
that no float circuit IS incfuded. 

CHARGE REGULATION - 
The PPCISO features two charging 
steps to effectively charge the batter- 
ies and protect them from over-charge 
damage. fhe PPCAD monitors the 
battery and array voltage, using a 
retay to control the charging. 
STEP I-FULL CHARGE: At sunrise, 
the rising array voltage will energize 
the charging relay and initiate a Puli 
charge mode, as indicated by the 
‘CHARGE MODE” light. Al1 available 
current from the array will pass 
through to the batteries and raise the 
battery voltage until the battery 
reaches the futl charge termination 
threshold . 
STEP P-FLOAT CHARGE: When the 
battery reaches the fuil charge termi- 
nation threshold, the full-charge mode 
ends and the “CHARGE MODE” light 
goes out. The PPCJSO resumes 
charging at a reduced charging rate. 
As the battery approaches the f@t 
voltage, the current will taper off, 
eventuatfy reaching the battery’s 
maintenance current. 

LOW-VOLTAGE DlSCONNECT - 
The tow-voltage disconnect (LVD) of 
the PPCAO prevents damage from 
deep-discharge of the batteries by 
automatically disconnecting the loads. 
The disconnect threshold is load 

current compensated, and has a time 
delay to prevent false disconnects. 
When disconnect occurs, the load 
reiay is energized and opens, and the 
‘LOAD DISCONNECT light wit! 
indicate that the loads have been 
disconnected, Normal battery charging 
will continue. At the reconnect thresh- 
old the loads will automatically be 
reconnected and the iight will go off. 
The LVD function has a resetJdisable 
switch and user adjustable set-points. 

DESIGN FEATURES - 
The PPCJSO has many superior design 
features that contribute to the control- 
ler’s efficiency and reliability. This 
co&oiler provides maxrmum utiliza- 
tion of the array during hours oi 
charging by reconnecting the array for 
direct charging as soon as the battery 
drops below a full charge set-point, 
Over-current protection is provided In 
the form of circuit breakers. A timing 
circuit will disconnect the array at 
night, to prevent reverse current 
leakage. The control circuit is pro- 
tected from reverse polarity connection 
on all inputs, and has MOV fightning 
protection. Input noise suppression 
filters out most of the spikes and 
interference to reduce false switching. 
Remote battery sense terminals alioti 
accurate monitoring of battery voftage. 

OPTIONAL ENClOSURES 
3R - Outdoor, moderate protection 
4X - Outdoor, maximum protectton 



PARAMETERS 

Charge Current, Continuous 
Charge Current, Max (60 seconds) 
Load Current, Continuous (1) 
Load Current, Max (60 seconds) (2) 
Array Voltage. Max Voc 
Operating Vottage Q Battery, Minimum 
Quiescent Current (3) 
Current Consumption, Charging (4) 
Current Consumption, 

Load Dkconnected (5) 
Voltage Drop, Typ. (Array to Battery) 
Voltage Drop, Typ. (Battery to Load) 
Full Charge Termination (6) 
Full Charge Resumption 
Load Disconnect (7) 
Load Disconnect Adjustment Range 
Load Reconnect 
Float Voltage 
Float Current, Max 
Meter Accuracy, Voltage 
Meter Accuracy, Current 
Temp. Compensation ccef.(from 25°C) 
Operating Temp. Range 
Storage Temp. Range 

Notes: 
(1) Non-inductive. 
(2) Carry only, Non-switching 

UNITS 

;$E; 
(Volts) 
(Voks) 

(Milliamps) 
(Milliamps) 

(Milliamps) 
Volts Q Max rating; 
dolts Q Max rating; 

(VOW 
(VOW 

{z$ 

g:; 
VW=) 

12v 

50 
65 

zi 
22 
8.5 

1% 
150 
.I5 
.40 

14.82.2 
12.82.2 
11.5+.2 

ll.Oto 12.0 
13.02.3 
14.1 + .2 

3 

rlOMlNAL ’ 
24 v 

110 
.15 
.40 

29.6 + .4 
25.6 + .4 
23.0 + .4 

22.0 to 24.0 
26.0 2.6 
28.2 + .4 

1 
1% 
1% 
-a6 

oto50 
-20 to 70 

I 
““I 
Voltage A I 

B 
i POSITIONS 
1 r 

(3) Both relays unenergized, red L.E.D.s off, typical value. 
(4) Charge relay energized, red L.E.D. on, typical value. 
(5) LVD relay energized, red L.E.D. on, typical value. 
(6) Set-point adjustable. Refer to table. 
(7) Decreases by 10 mv for every amp of load current 

/m 

OLTAGE 
36 v 

100 
.I5 
.40 

44.4 + .6 
38.4 + .6 
34.5 2.6 

33.0 to 36.0 
39.0 + .9 

NA 
NA 
1% 

1; 
oio50 

-20 to 70 

48 v 

100 
.15 

59.F~ .8 
51.2 + .8 
46.0 r. .8 

44.0 to 48.0 
52.0 + 1.2 

NA 
NA 
1% 
1% 
-.I2 

0 to 50 
-20 to 70 

PART NUMBERING KEY DIMENSIONS 
In Inches (cm) 

EXAMPLE: 
/r ;;$;a, Vo,taae STANDARD ENCLOSURE (NEMA i, 

/ / /- Options 

PPCISO - 12 - 4x 

MODEL 
NOMINAL 
VOLTAGE OPTIONS D 

PPCJSO 12 3R - Outdoor enclosure - 
24 moderate protection 
36 4X - Outdoor enclosure - 
4% maximum protection 

I 10.0 
: 25.4 ) 

I 

-8.0 (20.3) __, 

Depth: 4.0 Inch ( 10.2 an) 

Specifications and product availability subject to change without notice. Shipping weight 10 Ibs. (4.5 Kgs.) 

SPECIALTY CONCEPTS, ‘INC. 
8954 MASON AVE., CHATSWORTH, CA 91311 USA PH: (818) 9984238, FAX: (81~8) 9985253 1,,95 


